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I. Letter of Transmittal 

Mr. a. F. HUSTON, 

President, Jacobs-Shiipeet United States Firebox Company, 
Coatesiille, Pennsylvania. 

Dear Sir: 

In obedience to your direction, transmitted under date of August 24, 
1911, I have approved the designs and superintended the construction of 
two locomotive boilers identical in their general dimensions and differing 
from each other only in the fact that one was fitted with a Jacobs-Shupert 
firebox and the other with a radial-stay firebox. I have since subjected 
these boilers to an elaborate series of tests. I transmit herewith a report 
of the methods employed, of the results obtained, and of the conclusions 
reached. 

Respectfully submitted, 

W. F. M. GOSS. 

Chaupaign-Urbana. Illinois, 
July 31, I9ie. 
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11. Introduction 

1. The Jacobs-Shupert United States Firebox Company, in under- 
taking the manufacture and sale of a new type of steam boiler, early deter- 
mined to conduct an elaborate series of tests as a preliminary step in the 
development of its business. There had already been numerous tests 
designed to disclose the behavior of various details entering into the 
construction of the boiler, and there were already one hundred and sixty- 
nine locomotives having Jacobs-Shupert boilers in successful operation. 
In addition to these significant facts, the Company desired for its own 
information and for the information of boiler users in every field of 
service, to make of record a correct and comprehensive statement of the 
merits of the new type of boiler. A tentative program of tests was 
drawn up and its execution was intrusted to the undersigned, who as 
expert in charge was given a free hand in the working out of the details. 
It is the purpose of this report to present a full statement of the work 
done and of the results obtained. 

2. For the purpose of gaining some understanding of the behavior 
of the Jacobs-Shupert boiler in service, a trip of inspection was made to 
a number of roundhouses and shops where locomotives equipped with 
such boilers were being handled. An account of this inspection is set 
forth in Chapter VT of this report. 

3. In cooperation with Mr. Charles Ducas, the able Technical Man- 
ager of the Jacobs-Shupert United States Firebox Company, the elaborate 
series of tests which has now been concluded, was planned. The tests 
have involved the construction of two modem locomotive boilers, differing 
from each other only in the fact that one was fitted with a Jacobs- 
Shupert firebox and the other with a radial-stay firebox. Both boilers 
were built to the general dimensions of a certain standard of the Atchison, 
Topeka & Santa Fe Railroad. The firebox employed in the construction 
of the Jacobs-Shupert boiler was not especially made for the test, but by 
permission of the Santa Fe was taken at random from a number of similar 
fireboxes under construction for that Company. No radial-stay firebox 
tor a boiler of the dimensions selected was available, and as a conse- 
quence one was especially constructed, its overall dimensions being made 
to agree accurately with those of the Jacobs-Shupert firebox. Each 
boiler, as first constructed, was partitioned off into two compartments by 
an extension of the back tube-sheet in all directions to the outside shell 
of the boiler. The tests made when the boilers were thus equipped per- 
mitted a separate determination of the heat transmitted by the firebox 
heating-surface and by the tube heating-surface (Chapter VIII). The 
performance of the boilers thus equipped was determined when oil and 
coal respectively was used as fuel. This work having been completed, the 
partitions were removed and the boilers subjected to such reconstruction 
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as was necessary to make them normal to conditions of service. Tests 
were then made to establish the performance of the two normal boilers 
(Chapter IX). This accomplished, each boiler was subjected to a test 
of strength under low-water conditions with results which are set forth 
in Chapter XI. 

4. While one important purpose of the several chapters which follow 
is to discuss and summarize the results obtained, a most interesting and 
promising field of study is supplied by the unembellished numerical data 
derived from the tests. These are presented complete, with a full descrip- 
tion of the methods employed in obtaining them, as Chapter XIII. Not 
only does this chapter contain the commonly presented facts concerning 
the performance of the two boilers tested, but it also presents for most of 
the tests the results of a complete heat-balance. By reference to the 
tables of this chapter, therefore, the student of steam engineering will 
find material- for comparisons involving many factors which do not appear 
in the more descriptive chapters preceding. 

5. It will interest those who have occasion to follow this work to know 
that it is stated by the officers of the Jacobs-Shupert United States Fire- 
box Company that the entire capital for its business has been supplied by 
the Lukens Iron & Steel Company. It has been remarked as of more than 
ordinary significance that this Company, having so much at stake, and 
understanding perfectly that adverse results might have meant the clos- 
ing up of a business, should have fearlessly acquiesced in the plans of 
the Firebox Company, whereby a single expert was authorized to under- 
take the comparative tests and was given a free hand in carrying them out. 

6. In the execution of its program of tests, the Jacobs-Shupert United 
States Firebox Company is indebted for substantial assistance to many 
different agencies. Chief among these is the Lukens Iron & Steel Com- 
pany upon whose premises all the work was done. The organization of 
men and the equipment of this magnificent establishment being at all 
times available, greatly facilitated the progress of the work. Whatever 
the need, whether for rough labor, for skilled labor, or for materials, it 
was always supplied practically on demand. The interest in the tests 
which was manifested by Messrs. A. F. and C. L. Huston, President and 
Vice-President, respectively, both of the Lukens Iron & Steel Company 
and of the Jacobs-Shupert United States Firebox Company, permitted 
no desire of the expert in charge to go unsatisfied. 

7. The United States Bureau of Mines, in recognition of the signifi- 
cance of the tests, has cooperated in the work so far as circumstances 
would permit. 

8. The undersigned finds pleasm-e also in acknowledging his personal 
indebtedness to Mr. P. C. Haldeman, Master Mechanic of the Lukens 
Iron & Steel Company, to Mr. A. M. Baird, Master Boiler Maker, and 
to his personal assistant, Mr. J. F. Butler. W. F. M. G. 

Champaign-Urbana, Illinois, 
July SI, 1912. 
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III. A Brief Story of the Development of 
the Locomotive Boiler 

9. The boiler is the locomotive's primary source of power. However 
efficient the details of its engine, they can be effective in the development 
of power only when furnished with an ample supply of steam. This must 
come from the boiler. The boilers of early locomotives were small and 
inefficient and the problem of improving them as it has presented itself 
to succeeding generations of designers has been beset with difficulties. 

10. An early form of locomotive boiler was a plain cylindrical 
structure containing a single flue. At one end of this flue a fire-door was 
attached, and inside the fire-door, grate bars were arranged. At the other 
end an elbow was added to connect with a vertical stack. By this arrange- 
ment the stack was in front of the boiler, not on it. When the locomotive 
was operating, the elbow and a considerable portion of the stack were 
commonly red-hot. An improvement consisted in fitting the boiler with 
a return flue which brought the stack and fire-door at the same end, and 
which provided more heating-surface, a longer flameway and lower stack 
temperatures than were possible with the earlier design. The famous 
"Puffing Billy," a locomotive which did effective service for many years, 
was provided with a boiler thus constructed. Obviously, the power 
developed by such an arrangement could not be great, and the commer- 
cial success of the locomotive awaited the advent of a boiler having greater 
capacity. This came when George and Robert Stephenson designed and 
constructed the multitubular boiler for their famous locomotive 
"Rocket." This boiler had a plain cylindrical shell fitted with twenty- 
five 3-inch copper tubes extending from end to end of the boiler. At the 
front -end a smoke-box was attached which discharged into the stack. At 
the back-end a box-like fixture was added to constitute the firebox. The 
superior success of the "Rocket" over that of previously existing locomo- 
tives was due largely to the fact that its boiler gave an abundant supply 
of steam. 

11. The "Rocket's" boiler fixed the general fines to be followed in 
the building of locomotive boilers for many succeeding years, but it did 
not completely solve the problem of the firebox construction. That detail 
was destined to take on many forms in pioneer days, and it is one which 
has been the subject of much debate and change in more modern times. 
The first tubular boiler having a self-contained submerged firebox, seems 
to have been that of the locomotive "Planet" built by the Stephensons 
for service on the Liverpool and Manchester Railway in 1830. The fire- 
box was rectangular in plan. While the Stephensons subsequently devoted 
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themselves to the development of this form of construction, others built 
fireboxes which were circular in plan, crowned by a hemispherical dome, 
a form well chosen to resist the stresses imposed by the internal pressure 
of the boiler. In the process of developing such structures, however, 
practice came gradually to rely for strength less upon form and more upon 
stays by the use of which a structure weak in form could be held in place. 
A firebox rectangular in plan being desirable, other forms gave way to this 
plan. The stability of the sides and ends of all such fireboxes was secured 
by the use of stay-bolts connecting the inside and outside sheet. The 
support of the crown-sheet proved a more difficult matter. For many 
years it was provided for by the application of crown-bars running over 
the crown-sheet either longitudinally or transversely, the latter being the 
more common arrangement in this country. The crown-bars were metal 
girders of such form as to permit them to extend across and above the 
crown-sheet while receiving their support from feet bearing on the upper 
edges of the side-sheets. A series of such crown-bars served as lines of 
support for the crown-sheet which was held up by suitable rivets or bolts. 
The crown thus supported was in effect carried by the side-sheets, and 
while this type of construction proved serviceable for many years and is 
still used in small boilers, the time came when in the development of the 
American boiler it had to give way to something better. As the dimen- 
sions of fireboxes increased, the crown-bars became enormously heavy, 
and the load which they imposed upon the side-sheets became so great as 
to complicate the problem of firebox maintenance. In this emergency a 
part of the load was for a time removed from the side-sheet by carrying 
heavy sling stays from the crown-bars to the outside shell of the boiler, 
but the relief thus obtained was only partial, and the size of boilers con- 
tinued to increase. For a time and to a very limited extent in this 
country, the crown-bar boiler was followed by the Belpaire boiler, a design 
in which all portions of the firebox are stayed, and in which the outside 
of the boiler is so formed as to permit all stays to connect sheets which are 
parallel. But the real successor of the crown-bar boiler has been the 
radial-stay boiler, in which the crown of the firebox is curved to a form 
which will permit its being held up by stays extending to the outside shell 
or wrapper sheet. The lines of the stays extended do not necessarily 
radiate from any single point, but their arrangement suggests such a 
possibility; hence the term "radial stays." As compared with the Bel- 
paire, the radial-stay type presents greater difficulty to be overcome in 
making an analysis of the stresses which are set up in its several parts 
by the presence of internal pressure, but it is lighter and probably on the 
whole equally satisfactory. The radial-stay firebox of the present day 
may have either one of two forms. It may be "wide," in which case the 
side-sheets extend in a straight line from the mud-ring to the curved 
portion of the crown-sheet, or it may be "narrow," in which case the side- 
sheets extend vertically for a short distance above the mud-ring, then 
12 
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curve outward and finally back again to meet the curvature of the crown- 
sheet. In either case, stay-bolts closely spaced connect the side-sheet 
with the outside sheet of the boiler. 

12. Practice has developed many embellishments in the construction 
of this form of firebox. First, it has found that longitudinal stresses 
imposed upwn the tube-sheet make it desirable to have a certain element 
of flexibility locally about the tube-sheet, and hence instead of inserting 
rigid radial stays at this point, two or more rows of sling stays are used. 
The design of these is such that while giving adequate support to the 
crown-sheet they offer no resistance to the movement referred to. A 
second embellishment is to be found in the use of button heads on the 
firebox end of some or all radial stays. The design of these heads is such 
as to provide a broad bearing for the plate upon the head of the stay, a 
connection which is altogether stronger than is obtained by merely screw- 
ing in the straight stay and heading it. Practice has also developed 
certain forms of flexible stays for use in the water-leg and higher up in the 
boiler. These devices are such as to permit some change in the angular 
position of the stay without imposing transverse stresses upon it at points 
near the outside sheet. These and many other embellishments in its design 
have permitted the radial-stay boiler to perform a service which as meas- 
ured in power output per unit weight is superior to that of any type 
previously employed in locomotive service, and it is this fact which 
chiefly has resulted in the wide use of the type. But the necessity for 
certain of these embellishments and the practical difficulties which 
are experienced in maintaining the modern radial-stay boiler suggest 
deficiencies in the fundamental principles underlying its design and the 
time will doubtless come when the large sized radial-stay boiler will 
entirely give way to something that is scientifically more sound. The 
promise of such a consummation is to be seen in the recently developed 
Jacobs-Shupert boiler which was first put in service in 1909. This type 
of boiler has in the past three years been subjected to extensive use and 
to elaborate laboratory tests, with results which as to maintenance cost 
and strength are entirely complimentary to the new design. 

13. The Jacobs-Shupert boiler in its external form follows the general 
lines of the radial-stay boiler, of which it is to be regarded as a logical devel- 
opment. It differs radically from its predecessor in the structural charac- 
teristics of its firebox and in the means employed for supporting it. The 
Jacobs-Shupert firebox provides an element of longitudinal flexibility which 
the firebox of the radial-stay boiler does not possess, and thereby eliminates 
strains due to expansion which must be met by the rigid sheet of the 
radial-stay boiler. It makes no use of stays in side-sheets or crown, and 
hence abolishes completely a fruitful source of trouble which is always 
present in the radial-stay type of boiler. The support of the side-sheets 
and crown is secured by means of rivets submerged in the water-space 
of the boiler, no one of which can be exposed to the direct heat of the 
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furnace. As a consequence, the strength of the Jaeobs-Shupert boiler 
under low-water conditions as compared with that of the radial-stay boiler 
is vastly augmented. A fuller description of this latest type of locomotive 
boiler is presented as Chapter V, and an account of its performance con- 
stitutes the subject of Chapters VIII to XIV, inclusive. 
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IV. The Modern Radial-Stay Boiler 

14. The radial-stay boiler has constituted an important factor in the 
development of the modern high-powered American locomotive. For a 
score of years the locomotive designer has endeavored to secure larger 
boilers. In working out this purpose, the machinery of the locomotive 
has been lightened, steel has been substituted for cast-iron, and to insure 
the exclusion of unnecessary weight, the design of every detail of mechan- 
ism has been subject to the closest scrutiny. All that has been gained 
through the better design of machine parts has been utilized by giving 
increased weight to the boiler, but here again no unnecessary material 
has been allowed. In the design of the boiler, the effort has been to secure 
maximum heating surface for minimum weight. It is in the development 
of this general conception that the radial-stay boiler has been brought to 
its present-day standard. It has given the American locomotive greater 
steaming capacity and power than have been possessed by the locomotives 
of any other country. Whatever may be the future of the steam locomo- 
tive, the history of the art will not fail to give an important place to the 
radial-stay boiler. 

15. However great the success of the modern radial-stay boiler, it 
must be admitted that under present-day conditions involving high 
steam-pressures and large firebox areas, it is a structure which is exceed- 
ingly susceptible to deteriorating inBuences. The difficulties appear 
chiefly in the firebox which as usually constructed is made up of five plates 
of steel; namely, two side-sheets, the tube-sheet, the door-sheet, and 
the crown-sheet. The side-sheets are usually flat plates of steel which are 
in the neighborhood of five feet wide and which may be nine or ten feet 
in length. As these plates must transmit heat from the furnace to the 
water of the boiler, they can not be heavy and they are usually three- 
eighths of an inch thick. Under modem conditions of operation, how- 
ever, they must be so supported that they will resist a pressure of 14 or 
15 tons per square foot. This is accomplished by the introduction of 
stay-bolts which tie the side-sheet to the outside sheet of the boiler. 
The construction is well shown by Pig. 1, which is a view of the 
water-leg of a firebox from which the barrel and throat-sheet have 
been removed. Obviously, there is no provision in the design of such a 
side-sheet for taking care of local expansion, and as a consequence the 
effect of such expansion can only find expression in bringing about a 
change of stress within the sheet itself. The result is that different por- 
tions of the side-sheet behave in different ways. They change their 
position with reference to the outside sheet of the boiler, causing stay- 
bolts to loosen, to become leaky, and in the zone of greatest movement, 
finally to break. This fact was recently emphasized by Mr. F. A. Delano, 
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President and Receiver of the Wabash Railroad, a high authority in 
railway mechanical matters, who in the course of a recent address,* said: 

"A modern locomotive boiler has from 1,200 to 1,500 stay-bolts, 
between 4 and 5 in. apart, on all sides of the firebox. Under the law, 
five broken stay-bolts are sufficient to condemn an engine. This means 
that a locomotive boiler must be more than 99 per cent, perfect to meet 
approval; and yet it is safe to say that no high-pressure boiler can be 

cooled down and reheated 
again (as it must be for 
each washing out) with- 
out breaking at least this 
number of stay-bolts." 

Not only does trouble 
arise from the presence 
of stay-bolts, but the 
sheets themselves gradu- 
ally bulge between the 
stay-bolts, and under un- 
favorable conditions of 
service they deteriorate 
rapidly. Fig. 2 shows a 
patch which in the proc- 
ess of making repairs 
has been applied to a 
bulged side-sheet. The 
appearance of the patch 
itself and especially of 
the patch bolts which 
hold it in place, suggests 
the difficulties that must 
be met in maintaining any 
flat sheet under the con- 
ditions of service to which 
a side-sheet is exposed. 

16. The crown-sheet 
in the radial-stay type of 
boiler is usually curved. 
It must be thin, and in 
common with the side- 
sheets it must stand up 
under a pressure of approximately 15 tons per square foot, or a total load 
for a modern crown-sheet of 1,000 tons or more. Support is given the 
crown-sheet by the radial stays which tie it to the outside shell of the 



Fig. 1. — Firebox showing a hea^-y deposit of scale at the 
junction of the stay-bolts and firebox sheets, and the 
corrosion of the stay-bolts. Scale formation is atso 
shown around the flue ferrules. These condition); are 
similar to those found in most locomotive boilers 
working under average water conditions. 



•An address given before the Commercial Association of the State of Michigai 
Detroit, April 17. 1912. 
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boiler, and which having considerable length permit some freedom of 
movement in the sheet under them. Consequently, the crown-sheet is 
more durable than the side- 
sheets, but it nevertheless 
suffers deterioration as an in- 
direct cause from expansion 
and contraction stresses. Fig. 3 
shows a crown taken from ser- 
vice, in which the plate is more 
or less bulged between stays, 
and in which the dark spots 
indicate pitting or local corro- 
sion of the plate. Fig. 4 is a 
view into the water-space over 
the crown-sheet of a boiler 
from which the barrel has been 
removed. It indicates the size 

and the spacing of the stays. Fig- 2.— Patch on side of firebox showing the wear 
u«..- (_«.,+ -«^ ^„w„ r~K^^ on such patches. The patch ia, in general, in 

Four front rows were sling- ^^ condSuon, but ihe bolt, at ihl rear ind 
stays, and these had been re- have started working down, and there are indi- 

moved prior to taking the pic- <^at'0"s of cracks near the calking edge, 

tures. Figs. 5 and 6 show a 

similar view of a boiler with all the stays still in position. The illustrations 
well show the obstructions which are presented to the free movement of 
water over the crown-sheet, and the ease with which sediment or scale 
may collect upon certain portions thereof in this type of boiler. Fig. 7 
shows a bulged and leaky crown-sheet from the fire-side. 

17. The back tube-sheet 
is one difficult to maintain 
in the radial-stay boiler. If 
its tubes leak they must be 
rolled, and the gradual process 
of rolling extends the tube- 
sheet upward with the result 
that the forward end of the 
crown-sheet gradually becomes 
bent upward and the fillet of 
the tube-sheet itself not infre- 
quently expands above the 
level of the crown-sheet. Fig. 
Pig. 3.-Crown-sheet showing pitting and cor- g ^hows this rise in the fillet of 
rosion resulting from scale accumulation. 1 his 

box wa.s removed on account of this pitting. the tube-sheet. One result of 

this extension is a gradual de- 
generation of the upper portion of the tube-sheet itself. Thus in Fig. 5 is to be 
seen a series of irregular cracks extending all around the top not far from the 
17 
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Crown-sheet showing the corrosion at the points where the bolt^ pass through 
This box was removed on account of the corrosion of the crown-sheet. 



Fig. 5. — Water side of back flue-sheet showing cracks in the flange caused by the crimping 
action, resulting from the vertical movement of the sheet. This firebox was removed 
because of the pitting of the crown-sheet around the radial stays and crown-bar bolts. 
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point of its connection with the crown-sheet. Figs. 8, 9, and 10 show the 
degeneration of the tube-sheet resulting from stresses induced by the 
distortions already referred to. These illustrations are in nowise peculiar, 
but on the contrary, may be taken as entirely typical of the difficulties 
to be met in the maintenance of all large radial-stay fireboxes. 

18. The forces at work within the structure of the radial-stay firebox, 
which ultimately bring 
about its ruin, are, under 
service conditions, always 
present, but the careless 
handling of the locomo- 
tive or the necessity for 
using a muddy, foaming 
or scale-producing water 
hastens its deterioration. 
Careless handling may 
expose the firebox to sud- 
den changes of tempera- 
ture which may result in 
leaks; the use of muddy 
or scale-producing waters 
may result in the deposit 
of solids on the sheets and 
lead to local overheating; 
and the use of foaming 
waters may operate in 
various ways to deprive 
the plates of the protec- 
tion against overheating 
which they are designed 
to have. In other words, 
where the conditions are 
all favorable to longevity, the radial-stay boiler must be tenderly handled, 
and under conditions which are normal through large sections of our 
country, it is kept in service only as a result of constant attention. The 
radial-stay boiler is everywhere expensive to maintain, and its need of 
attention requires the locomotives to spend much time in the roundhouse, 
which might otherwise be given in service at the head of a train. It is 
customary on most roads to have a boiler maker go over the boilers after 
each trip, and on many roads the conditions are such that he must always 
do some work on them. Now a boiler that must be fixed after eacli brief 
period of service is to be compared with a highway bridge which must be 
mended after each passing vehicle — it serves an immediate purpose, but 
it leaves much to be wished for. 

19. Finally, the radial-stay boiler is weak, as have been all its prede- 
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Fig. 6,— Back fiue-sheet showing the deteriorated con- 
dition of its flange, which has resulted from the con- 
tinually recurring strains. 
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cessors, under low-water conditions, and when failure occurs, the results 
are likely to be disastrous. A study of the radial-stay construction will 
suffice to reveal the explanation. The support of the crown-sheet is such 
that any local yielding imposes additional stress upon adjacent parts, 
and as these fail, the affected zone is extended, the process proceeding 
with such rapidity that the pent-up water and steam in the boiler is 
released with explosive effect. This is well illustrated by Fig. 11, which 
shows almost the whole crown to have come down together with a con- 
siderable portion of one side-sheet. The explosive effect of such a failure 
is apparent. A Committee of the American Railway Master Mechanics' 
Association, reporting at the convention of the Association in 1910, gives 



Fig. 7. — Photograph showing the bulging of crown-aheet between stay-bolts. 

results of an inquiry concerning the number of boiler explosions, failures, 
and casualties to employees and others. The report was based on 
resj)onses received from 157 railroads owning and operating 43,787 locomo- 
tives. The committee reports that during the period from June 1, 1905, 
to November 1, 1909, there were 246 firebox explosions resulting in the 
loss of 127 lives, and 2,499 fireboxes damaged by overheating, resulting in 
142 deaths. More than 98 per cent, of these failures are said to have been 
due to low water. This statement makes it evident that low-water 
conditions are matters to be reckoned with, and that a boiler which is 
inherently weak when the water is low is at a disadvantage as compared 
with one which is less affected by overheating. 

20. The explosion of locomotive No. 2538 which occurred four miles 
south of Yoncalla, Oregon, on April 4, 1912, may be accepted as typical 
of recent disasters. The accident in question occurred on the Oregon & 
California Railroad which is operated by the Southern Pacific Company. 
A report of the accident as formulated by the chief inspector of locomotive 
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Fig. 8. — Top of flue-sheet showing the badly deteriorated top flange. 



Fig. 0. — ^Top of flue-sheet showing patch. This patch was made necessary by the crimping 
action of the flue-sheet described in connection with photographs previously shown. 
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boilers of the Interstate Commerce Commission presents the following 
facts: 

The locomotive was of the consolidation type and at the time that it 
exploded was engaged in helper service on a south-bound train of 40 cars 
weighing altogether 1,605 tons. Three freight engines were coupled to the 
train, the road engine No. 3203 at the head and two others No, 2538 and 
No. 2191 between the caboose and the train. It was the boiler of 2538 
that failed. The exploding boiler was blown clear off the frames of the 
locomotive, breaking or pulling out the expansion plates attached to the 
firebox, shearing cylinder saddle-bolts and breaking the saddle. It passed 
over three box-cars, apparently lighting on an oil-tank car, from which 
it rolled off to the right side and landed on the bank of an 8-foot cut at a 
distance of approximately 218 feet from the point where the explosion 
occurred. The engineer and fireman were both killed. The report con- 
tinues: "At the time of the accident, the train was ascending a grade of 
84.48 feet per mile at a speed of 10 to 12 miles per hour. The accident 
occurred on a tangent 627 feet south of a left-hand 8° curve. The eleva- 
tion of the right-hand rail of this curve was from 3j^ to 3^ inches for a 
distance of 198 feet in the center of the curve. Our inspection disclosed 
the fact that almost the entire crown-sheet, with the exception of a portion 
of the left back comer, was overheated. The overheated portions of the 
sheet extended 4 inches below the highest part of the crown-sheet at the 
right front corner and one inch below at the left front comer. At the 
right back comer it was about on a line with the crown-sheet, while there 
had apparently been water on the left back corner. So far as could be 
ascertained by our inspection, the injectors, safety-valves and steam-gauge 
were in good condition." 

The report concludes with the opinion that the accident in question was 
the result of overheating the crown-sheet due to low water. With the 
efforts of the inspector to fix the responsibility for the low water, the 
undersigned is at present not concerned, but he wishes especially to call 
attention to the fact that the crown-sheet came down as soon as any 
considerable portion of it was bare and before it was entirely uncovered. 
The modern firebox has so little power of resistance in the presence of low 
water that the fact that any part of the crown-sheet is bare is commonly 
accepted as a cause sufficient to explain a firebox failure. 

21. It is obvious that any boiler, however satisfactory when 
properly handled, which possesses such enormous power of destruction 
when carelessly or imperfectly managed, always presents a certain element 
of danger. In stationary practice, progress in the art has produced certain 
types of boilers which in case of failure do not act with an explosive effect. 
In these so-called "safety boilers," the heating surface is subdivided so 
that a failure, if one occurs, is limited to a comparatively small detail; a 
break down can not easily become progressive. A failure is merely a blow- 
out. There is no explosion, and no damage is done beyond that of the 
affected part. There is no wreckage, and there are ordinarily no casual- 
ties. In this respect the design of the stationary boiler occupies a much 



yGoosle 



MODERN RADIAL-STAY BOILER 



Fig. lO.^Top of flue-sheet showing a patch which has been properly applied, but which 
has itself become cracked as a result of strains. 



Fig. 11. — Crown-sheet failure in which most of the crown and a porlion of one side-sheet 
were blown away, the staj's retaining their places in the out-si deshcet, 

Hi ^ 
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higher plane than that occupied by the locomotive boiler. The locomotive 
service is in need of a boiler possessing the elements of safety which are 
to be found in existing types of stationary boilers. 

22. These well-known deficiencies of the radial-stay boiler are not 
rehearsed for the purpose of obscuring its merits, but that our devotion in 
fostering it may not be permitted to blind our eyes to its frailties. No 
one who considers the progress of the past can assume for a moment that 
our present-day practice is final. The radial-stay boiler has had its pre- 
decessors and they have disappeared, and no one can doubt that the 
radial-stay boiler itself is but an embryo predecessor of a type which must 
soon be revealed. 
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V. The Jacobs-Shupert Boiler and Some 

of the Advantages Which Have 

Been Claimed for It* 

23. The term Jacobs-Shupert boiler as hereinafter used implies a 
boiler having a Jacobs-Shupert firebox. This firebox is more than a 
mere modification of pre-existing forms; it is entirely new in its contour, 
in the means which are employed for its support, and in the fact that it 
is made up of a considerable number of comparatively small plates. A 
Jacobs-Shupert firebox may have the same overall dimensions as a radial- 
stay or a crown-bar firebox; that is, it may be designed to respond to all 
of the limitations which must be observed where other types of fireboxes 
are used. On the other hand, indications are not lacking to show that 
the dimensions of the Jacobs-Shupert boiler may be extended to hmits 
which are hardly possible in the case of the radial-stay type. 

24. The contour of the Jacobs-Shupert firebox as shown by any 
longitudinal section is not dissimilar to that of the corrugated furnaces so 
long and so generally used in marine service. It is shown by Fig, 16. 
The firebox is supported in part from the shape which is given the several 



• As a matter of historical interest, the following brief account has been abstracted 
from a very full and interesting statement prepared by Mr. H. W. Jacobs. The conception 
of a sectional firebox having submerged seams originated 
with Mr. F. W. Shupert while Foreman of Boiler Makers 
at the San Bernardino Shops of the Santa Fe Railway. 
He availed himself of an early opportunity to discuss the 
matter with Mr. H. W. Jacobs, 
and in April, 1906, a model in tin, 
having the sections run longitu- 
dinally, was made (Figs. 12 and 
13). In August of the same year, 
chiefly through the activities of 
Mr. Jacobs, the first model hav- 
Fio. I2-— McxJei No. 1. Shupert-3 i^g transverse sections extending 
onginal design of nrebox. View 

showing arrangement of stays in frolll mud-ring to mud-rmg was 
fir»t model. March. 1908. constructed {Figs. 14 and 15). 

This and subsequent models were Fi<j. is. — Model No. i. 
exhibited by Mr. Jacobs to various people who were likely to !?fi«^xr"v\e«-S- 
be interested, and from whom he expected to get useful sug- ing arrangement of lon- 
gestions, often with results which were discouraging to him, ^'SnaTlnJJl! MaS 
But in the spring of 1907, he had succee<led in developing the i»oo. 
idea to a point where he was ready to apply for a patent. A 

very complete model to scale, constructed to show the practicability of the design, was 

exhibited a year later and won many friencis for the new device. Encouraged by Mr, 

i5 



yGoosle 



TESTS OF A JACOBS-SHUPERT BOILER 

elements entering into its construction and in part by stay-sheets extend- 
ing between the sections and the outside shell of the boiler. There are 
no sling stays in the boiler, and stay-bolts are used only in the door-sheet 
and tube-sheet. 

25. The sides and crown of the Jacobs-Shupert firebox are composed 
of a series of channel sections made up from long, narrow, flat-sheets 
which, having been heated, are pressed into shape by a special hydraulic 
flanging machine (Fig. 17). A flanged section is shown by Fig. 18. Stay- 
sheets are fitted between every two adjacent sections and find their sup- 
port in the sections of the outside wrapper of the boiler. The two 
adjacent sections of the firebox and their stay-sheet are fastened by 
through rivets. The process of riveting is shown by Fig. 19, and a 
firebox with all the inside sections in place by Fig. 20. The sections 
have a uniform width of 9H inches over flanges and the stay-sheets are 
% of an inch thick, so that each stay-sheet and its accompanying section 
cover the construction of a 10-inch length of firebox. A firebox having 
ten sections is, therefore, 100 inches in length, and one having 13 sections 
is 130 inches in length. The stay-sheets connect the sections of the fire- 
box with similar sections which form the outside wrapper of the boiler, 
the construction of which is well shown by Fig. 21. To provide for circu- 
lation in a horizontal direction, the stay-sheets are pierced with openings 
of liberal size (Fig. 22) and as all stay-sheets of a given boiler are made 
from the same templet, these holes line one with another. The door- 



J. W. Kendrick, Third Vice-President of the Santa Fe Railway, the late W. F. Buck, 
Superintendent of Motive Power, under date of September 2, 1908, formally authorized 
the building of a locomotive enilx)dying the Jacobs-Shupert 
firebox. Many engineers of distinction inspected the boiler of 
this locomotive while it was in process of construction, and 
in the spring of 1909, it was described by a number of techni- 
cal papers. The locomotive 
with the new boiler made its 
trial trip on April 9 and went 
into regular service April 20, 
1909. It was subjected to an 
exhaustive series of road tests 
conducted by Mr. H. B. Mac- 
Farland. Its success encouraged 
the railroad company to order 
more fireboxes. In January, 
1911, the interests of the inventors and pioneer promoters 
were taken over by an organization incorporated as the 
Jacobs-Shupert United States Firebox Company, A. F. 
Huston, President; H. W. Jacobs, First Vice-President; 
C, L. Huston, Second Vice-President, and Joseph Humpton, Secretary and Treasurer, 
In July, 1912, G. H. Pearsall and C. B. Moore were made Vice-Presidents in charge of 
sales. This company, having offices in New York and Chicago and works at Coatesville, 
Pa., is now responsible for the manufacture and sale of the new device. 



Fic. U. — Model No. 2. 
Jacobs-.Shupert firebox. 
View showi ng arrangement 
of stays as applied in later 
model. August, 1906. 



Fig. 13.— Model No. a, JiiTObs- 
Shupert firebox. View showing 
arrangement of transverse unit 
sections in later model. August, 

looe. 
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Fig. 16. — View of joint between firebox sections and stay-sheets. 



Fig. 17. — Horizontal hydraulic presa for flanging channel sections at works of Jacobs- 
Shupert United States Firebox Co. 
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sheet (Fig. 23) and the back-sheet of the firebox are stayed to each other 

in the usual way. There are stays also in that portion of the tube-sheet 

which is below the tubes. A throat-sheet (Fig. 24) connects the special 

construction of the Jacobs-Shupert 

boiler with the barrel which in all 

respects is normal. 

26. In fitting up the stay-sheets 
and the inside and outside sections 
of the Jacobs-Shupert boiler, all rivet 
holes are drilled from standard tem- 
plets, so that the process of assembling 
parts is more like that of assembling 
a machine than that of putting together 
the several parts of the boiler. This 
impression is heightened by the fact 
that in the mill a long reamer is run 
through half the flanges of a completely 
assembled firebox, and then, working 
from the opposite end, through the 
other half. All rivets are driven in 
reamed holes, and rivets in the same 
horizontal course hne with each other 
Fig. 18.--Middle inside channel section Pf Meetly. The mud-ring is in nowise 
partially completed. different from that employed in a nor- 

mal boiler. The method of connecting 
the sections with the mud-ring is shown by Fig. 25,* and a view of the in- 
terior of a completed firebox by Fig. 26. 

27. It has been said that objections have been made to the Jacobs- 
Shupert boiler because of the number of rivets it contains, but before urg- 
ing such an objection one should consider that a rivet which is well placed 
and well driven is a very reliable fastening, and that there are no rivets 
in the side-sheets or the crown of the Jacobs-Shupert firebox where the 
presence of such fastenings 
would be most objectionable. 
The fact that there are no seam- 
rivets in the firebox, and that 
all the rivets made necessary 
by the special construction of 

* The latest fireboxes of the 
Jacobs-Shupert design h&ve what is 
claimed to be an improved joint be- 
tween the inside sections at the mud- 
ring. In this new joint, the lapping 
of the sections over each other at the 
mud-ring and around the bottom of Fia- 23a.— Details of butt-welded joint at mud-ring. 
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the Jacobs-Shupert boiler are either entirely in the water-space or on the 
outside of the boiler, suggests that the service to be met by them is similar 
to that imposed upon the normal shell-rivet. Shell-rivets commonly give 
no trouble. Moreover, the number of rivets in the Jacobs-Shupert boiler is 
not greatly in excess of the combined number of rivets and stays in older 
types of boilers. For example, a comparison of the drawings of the two 
boilers described in Chapter VII, the heating-surface and external dimensions 
of which were designed to be exactly the same, shows that the number of 
rivets, stays, etc., for all that portion of the boiler back of the center of the 
throat-sheet is as follows: 

Jacobs-Shupert Radial-stay 

In mud-ring 320 312 

Connecting inside and outside sections and stay- 
sheets (11 sections, 12 joints) 2,520 

As fastenings for longitudinal stays 178 164 

Patch bolLs in door-sheet 44 44 

Stay-holts in tube-sheet and door-sheet 368 366 

Rivets in firehox seams 180 

Seam-rivets in outside wrapper 373 

Radial-stays, crown-bar stays, and stay-bolts not 1,196 

including those in tube-sheet and door-sheet 

Total 3,428 2,635 

Reduction in firebox rivets and stays in contact 
with fire by Jacobs-Shupert construction — 

1,196-1-366-1-180 — 368 1,374 

Increase in number of riveted fastenings involved 
by Jacobs-Shupert construction — 

3,428 — 2,635 793 

the stay-sheet, is eliminated. This new style joint is shown by Fig. 25o. Adjacent 
inside sections are butt-jointed from the point where the stay-sheet ends to the bottom 
of the mud-ring and this butt-joint is welded by means of the oxy-acetylene method. 
Fig. iSb is a view of a Jacobs-Shupert firebox having the butt-welded joint shown in 
Fig. 25a. This firebox is one of several in service on the Lehigh Valley Railroad. 



Fig. iSb. — Interior oE Jacoba-Shupert firebox with butt-welded mud-ring joint. Lehigh Valley Railroad. 
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The method of riveting sections and stay-sheets has been shown by Fig. 
19. Many rivets may be driven in the time that is required to set one 
stay-bolt, and a rivet in a reamed hole once driven requires no attention, 
while a stay-bolt must be constantly insj>ected and frequently worked 
upon. The elimination, therefore, of 1374 firebox stays in return for the 
addition of 793 through rivets, is a matter which, from the standpoint of 



FiQ. 19, — Method of riveting together the channel sections and stay-sheeta by means of 
gap riveter. 

construction and maintenance, has much to recommend it. Obviously, 
while the Jacobs^hupert construction does increase the number of rivets, 
there is no corresponding increase in maintenance cost or hazard; the 
change amounts to the displacement of a troublesome device by one of 
the oldest and most reliable fastenings employed in the arts. 

28. A number of advantages possessed by the new form of firebox 
are at once apparent. Most obvious, perhaps, is the presence of an ele- 
ment of flexibility which is introduced by the combination of curved sec- 
tions. In this respect the Jacobs-Shupert firebox is comparable with the 
corrugated furnace to which reference has already been made. Any 
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Pig. 20.— The Jacobs-Shupert sectional firelKJX ready for the application of the outside sections. 



Fig, 21, — The conipletwi Jacobs-Shupert back end ready for application to boiler shell, 
31 
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II — Inalde Cliaiinel Sectkxi Rivet Holes 
1 2— Outside Chumel SecttoD Rivet Holes 
[3— Removable BUya 
t.4— Removable 3tay Pins 



Fig. S2.— Stay-Sheet. 



strain due to longitudinal expansion is taken care of with the least chance 
of injury to the structure. The effect of this provision must be beneficial 
in reducing the cost of repairs and 
in increasing the life of the boiler. 

29. The presence of the cor- 
rugated surface within the firebox 
adds somewhat to the extent of the 
firebox heating-surface as compared 
with the surface presented by a nor- 
mal firebox of the same overall 
dimensions. The extent of this 
increase in the case of the boilers 
described in Chapter VH is 11 per 
cent. 

30. The fact that the Jacobs- 
Shupert firebox has no stay-bolts in 
the sides and crown removes an 
important source of difficulty. With 
no stay-bolts there can be, of course, 
no leaky bolts to calk, no broken 

bolts to replace, and no spots inherently weak when the water drops a little 
low. The rivets joining 
the several sections mak- 
ing up the firebox struc- 
ture are not inside of the 
firebox. They can not 
be seen from the firebox 
and they can not be 
affected by the direct ac- 
tion of the heat from the 
firebox. They are above 
the crown in the water 
space of the boiler at a 
distance sufficiently far 
from the heating-surface 
of the firebox to be un- 
disturbed by any condi- 
tion that may arise within 
the firebox. These fea- 
tures place the design of 
the Jacobs-Shupert boiler 
upon a plane which, from 
a purely mechanical point 
of view, is essentially higher than that which is occupied by the normal 
radial-stay boiler. The fact also that in the manufacture of these boilers. 



Fia. 23. — Looking toward door-sheet of Jacobs-Sbupert 
firebox during process of assembling. 
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the principle of interchangeability is employed, establishes a standard 
of workmanship which has never before been reached in the construction 
of large boilers. This superior work- 
manship will not in the long run in- 
crease the cost. Interchangeability 
in machine construction has operated 
to improve the quality of the machine 
and also to reduce its cost. Similar 
results will ultimately follow the 
adoption of interchangeability in boiler 
construction. In the manufacture of 
the Jacobs-Shupert firebox, machinery 
is used instead of men. Each oper- 
ation is simple and yet the result is pre- 
cise. There is no drifting of holes and 
no local heating of plates which have 
been set in their places in the boiler. 
The result of the new process is a 
boiler accurately made, substantially 
put together, and comparatively free 
from initial strains. The design and 
the methods of manufacture com- 
bined permit repair parts to be 
carried, and provide an inexpensive 

procedure in maintenance. P^«:. 24.---Straight throat-sheet showing 

at ixiL T i_ OL i i_ ■! J'g bolted in place ready for drilhng 

31. The Jacobs-Shupert boiler Jivet holes. 
judged by the standards of good de- 
sign is obviously less susceptible to the weakening influences of low-water 
conditions than the radial-stay boiler. In the Jacobs-Shupert boiler the 
fastenings which must be depended 
upon to hold up the crown are so far 
removed from the heat as to be com- 
paratively unaffected; whereas, in the 
radial-stay boiler they are actually in 
the fire. Its superiority in this respect, 
while apparent as a matter of design, 
has now been abundantly demonstrated 
by the results of tests under low-water 
conditions, described in Chapter XI. 
^'and^iii^king the° conSof ^fS " ^2. As a safety device, the Jacobs- 
mud-ring. Shupert firebox derives from its sec- 

tional form the same advantage which 
the water-tube boiler derives from the subdivision of its heating-surface 
into tubes of moderate size. If for any reason, such as the occurrence of 
low water or the accumulation of scale, the firebox fails, the worst thing 
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which can happen is the blowing out of a single section. In this case the 
plate wiU "pocket," and the rent will be small. The result wil! not be an 
explosion, but merely a discharge of steam and water into the firebox 



Fig. 26. — Looking toward crown ot Jacobs-Shupert firebox. 

which extinguishes the fire and relieves the boiler from pressure without 
doing serious injury to life or surrounding property. The Jacobs-Shupert 
boiler may, in fact, properly be characterized as a "safety boiler." 
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VI. The Jacobs-Shupert Boiler in Service 

33. Having agreed to make a study of the Jacobs-Shupert boiler, it 
became desirable for the undersigned to make use of such sources of infor- 
mation concerning this new type of boiler as were open to him. One 
conspicuous source was to be found in the one hundred and sixty-nine 
locomotives having Jacobs-Shupert boilers, which were in service along 
the line of the Santa Fe Railway. It was determined, therefore, as a 
preliminary to the more scientific aspects of the study, to make a trip of 
inspection for the purpose of ascertaining the behavior of the boilers as 
they were to be seen when in service on that road. In carrying out this 
purpose, inspections were made late in November, 1911, at the Argentine 
shops near Kansas. City, at the principal shops of the road in Topeka, 
Kansas, at the roundhouse at Newton, Kansas, and at the roundhouse 
and shops at Clovis, New Mexico, at each of which points a considerable 
number of Jacobs-Shupert fireboxes were handled. A Mallet-compound 
fitted with a Jacobs-Shupert firebox was also ridden on the division west 
of Clovis. 

34. The Argentine roundhouse was found to be handling twenty- 
five Jacobs-Shupert fireboxes. Most of these at the time of my visit were 
out on the road, but two were found in such condition as to admit of inter- 
nal inspection. These were the boilers of locomotives Nos. 1485 and 1494. 
Both locomotives were equipped for using oil fuel, and both were reported 
as having been in service about a year. The sections of the firebox of 
locomotive No. 1485 were in perfect condition, and nothing could be found 
either upon them or upon the joint between them and their stay-sheets 
to indicate that they had ever been worked upon subsequent to their in- 
stallation. Some calking had been done in the joint between the forward 
section and the tube-sheet and work had been done on the tubes, but the 
structure of the firebox was in excellent condition. The presence of brick- 
work common in oil-fired locomotives prevented a close inspection in the 
vicinity of the mud-ring, but no indication of leaks at that point could be 
discovered. Locomotive No. 1494 was found in a similar favorable 
condition. Its tubes were tight and all parts of its firebox perfect. The 
boiler had just been washed out, and it was possible by inserting electric 
lights through the washout holes to see a good deal of the water side of the 
sections. They were found evenly coated with a thin scale, presenting 
no signs of rust, of pitting, or of other forms of local deterioration. In 
this roundhouse also the interior of the firebox of locomotive No. 1460 was 
examined. This locomotive is in all respects similar to those already 
described, except that it is fitted with a radial-stay firebox. It was in 
the same service as those previously examined, was being fired with oil 

35 
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as were they, and was said to have been in service for about twenty 
months. The tubes and a good many stays widely distributed over the 
firebox were leaking slightly, but the firebox was otlierwise in good condi- 
tion. The boiler was cold and a boiler maker was inside calking stay- 
bolts. Oil firing is Ukely to be hard in a locomotive firebox, and this boiler 
was older than the Jacobs-Shupert boilers previously examined, but after 
making all allowances, one could not escape the impression that in their 
resistance to the deteriorating influences of service, the Jacobs-Shupert 
fireboxes were disclosing superior qualities. 

35. At the Topeka shops there was an opportunity to inspect the 
oldest Jacobs-Shupert firebox in service. It was on the Santa Fe type, 
locomotive No. 917. It had been in heavy service, oil-fired, for a period 
of two and a half years and was at the time of inspection undergoing 
heavy repairs. The necessary work on the boiler had been completed, 
but work on the machinery was still in progress. An examination of the 
firebox showed that some small cracks in tlie upper part of the tube-sheet 
had been plugged in the course of service repairs. The repeated rolling 
of tubes had had the usual effect of extending the tube-sheet upward, 
and the firebox section attached thereto had rolled up with it without 
injury. The firebox of this boiler was a large one, it being made up of 
thirteen sections. As a result of overheating, due doubtless to accumula- 
tions of scale, small pockets had formed on the first six of them, counting 
from the tube-sheet back. At the time of inspection these had been 
heated and set back in the process of repairing, and as some small trans- 
verse cracks had appeared, the oxyacetylene flame had been used to add 
metal and to weld up the defects. The area of surfaces on the several 
sections which had been thus treated varied from a half inch to two inches 
in diameter. By this simple process a damaged crown had been made 
entirely good. The sections were in perfect form and it was said that the 
boiler had been subjected to a hydrostatic test of 350 pounds. These 
facts are important as disclosing the ease with which the new type of fire- 
box, after suffering damage, may be repaired. At the Topeka shops I 
inspected also the interior of the firebox of locomotive No. 3009, a new 
Mallet-compound which went into service only three months previous to 
my visit. This locomotive was in the shop after having been in a head- 
end collision. Its firebox is the largest in service, being made of fifteen 
10-inch sections, making its length 150 inches. The condition of this 
firebox was perfect. 

36. The Pecos division of the Santa Fe is equipped for its freight 
service with forty or more very heavy Mallet-compounds. All of these 
have Jacobs-Shupert fireboxes. They are fired with coal and work heavy 
trains over long grades. The feed-water is alkali, and it is necessary to 
cool, empty and refill all boilers after every round trip. Locomotive No. 
1162 was ridden from Clovis to Blacktower. The train consisted of 42 
loaded cars and a caboose. The atmospheric temperature was about 
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freezing, and the entire distance was up a 0.6 per cent, grade. In a five- 
mile run the engine had accelerated its train to a speed of S5 miles an hour. 
The rate of firing during this portion of the run was not far from 5,000 
pounds of coal an hour. The steam pressure which was 210 pounds at the 
start, increased during the first five miles run to 225. These conditions, 
I understand, are typical of those which determine the service which must 
be withstood by the Jacobs-Shupert firebox in the Mallet-compounds of 
the Pecos district. 

37. At Clovis, a division point in the Pecos district, an inspection 
was made of the interior of the fireboxes of two of these locomotives, No. 
1158, which went into service nineteen months ago, and No. 1162, which 
has been in service about one year. No. 1158 had been in the roundhouse 
but a short time and was in the process of being cooled off. No. 1162 
was cool, and the boiler maker was giving attention to three tubes which 
showed slight leaks. With this exception, both fireboxes were in perfect 
condition. No sign of a leak could be discovered about the mud-ring or 
between the sections or elsewhere within the structure of the firebox. 
Taking advantage of the fact that the construction of the Jacobs-Shupert 
firebox permits every part of the water side of the crown-sheet in a boiler 
ready for service to be closely inspected, a process impossible of execution 
in a stayed firebox, the water-space of No. 1162 was carefully examined. 
The tubes of the boiler presented rust spots or incipient pits, due doubt- 
less to the nature of the feed-water used, and at rare intervals similar 
spots appeared on the sections of the firebox. Except for this, the water 
surfaces were perfect. There was no evidence of localized rust-spots on 
the sections of the firebox. At Clovis abo a stay-bolt firebox on the bal- 
anced compound passenger engine No. 530 was inspected. This boiler 
was reported to have been in service about one year. Many of the stay- 
bolts had been worked upon and many had lost their heads. The stay- 
bolts along the lower portion of the side-sheets were seeping and the plate 
was beginning to bulge between stays. 

38. The inspection at Clovis ended the detailed examinations of fire- 
boxes. The five days' experience on the line of the Santa Fe justifies the 
following conclusions: 

1. The construction of the Jacobs-Shupert firebox admits of easy and 
thorough inspection. 

2. The Jacobs-Shupert firebox gives no trouble by leaking at the 
mud-ring. Not a single case of a leaky mud-ring could be found. 

3. The fireboxes give no trouble by leaking between sections. 

4. No indication could be found of grooving or cracking at the fillet 
or in any other part of the sections making up the firebox. 

5. The fireboxes examined, while very large, appear to resist perfectly 
the pressure imposed, which in all cases was above 200 pounds. 

6. The firebox structure of a Jacobs-Shupert boiler after a year of 
service in a district of alkali water, appeared as though new, while that 
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of a radial-stay boiler in the same service for the same or a lesser length of 
time presented unmistakable evidences of degeneration. 

7. Evidence was not lacking to prove that minor defects, such as 
those which may arise in a Jacobs-Shupert boiler from accumulation of 
scale or because of low water, are easily repaired. 

Since the inspection of the undersigned, that is, since November, 
1911, it has been reported that defects have appeared in some of the older 
Jacobs-Shupert boilers. These have arisen from a faulty arrangement 
of longitudinal stays. In the boilers affected the back head is braced by 
comparative short stays secured to certain of the outside or wrapper-sheet 
sections. The sections being curved are not well suited to meet the loads 
imposed by the stays, and it is not surprising that some of them have 
suffered. The obvious remedy is to be found in extending all longitudinal 
stays through to the throat-sheet or to the barrel of the boiler. By so 
doing, they will be removed from all connection with the sections. I 
understand that the present practice of the Jacobs-Shupert company 
provides for this change in construction. 
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VII. Program of Tests and a Description 
of the Means Employed in Carrying it Out 

Program of Tests 

39. For the purpose of determining the performance of the Jacobs- 
Shupert boiler as compared with that of a radial-stay boiler, an elaborate 
series of tests was outlined. The outline embraced the following provisions: 

The boilers to be tested were to be designed for locomotive service 
and to be identical in their general dimensions. They were to differ from 
each other only in the construction of the firebox and in the means 
employed for supporting it. One boiler was to be equipped with a 
Jacobs-Shupert firebox and the other with a radial-stay firebox conforming 
to the best present-day practice. 

A laboratory was to be provided in which the two boilers could be 
erected and equipped with all apparatus necessary for testing. The tests 
specified were to be grouped into three series designated as Series A, B, 
and C, respectively. 

Series A was planned to disclose the relative amount of heat absorbed 
by the fireboxes and by the tubes of the two boilers under similar condi- 
tions of operation. To facilitate these tests, it was proposed to have the 
boilers constructed with a partition separating the water space into two 
compartments, one of which was to include the firebox surface and the 
other the tube surface. In carrying out the tests, these compartments 
were to be separately fed with weighed water. Not less than three tests, 
one at low power, one at medium power, and one at high power, were to 
be made upon each boiler. It was believed that the results would serve 
to establish the relative value of a unit area of firebox heating-surface as 
compared with that of a unit area of tube heating-surface, facts which 
American engineers have long desired to know, and that they would dis- 
close the difference, if any, in the heat-absorbing capacity of the two 
fireboxes tested. 

Series B was to be made up of tests of normal boilers. The boilers 
which had served in the tests of Series A were to undergo such reconstruc- 
tion as might be found necessary to the removal of the partitions. This 
accomplished, there would be available for the further work a normal 
Jacobs-Shupert boiler and a normal radial-stay boiler. Each boiler was 
then to be subjected to a series of evaporative tests for the purpose of 
establishing its evaporative efficiency and capacity under different rates 
of power. In addition to data usually secured in boiler testing, it was 
proposed to make of record such information as might be possible concern- 
ing the circulation of water within the two boilers. The purpose of this 
series was to secure an accurate measure of the evaporative performance of 
the Jacobs-Shupert boiler and of a normal radial-stay boiler. 

Series C was planned to disclose the relative strength of the two 
boilers under low-water conditions. In preparation for the tests of this 
series the boilers were to be removed from the testing laboratory and set 
up with everything necessary to their operation in a location where their 
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^plosion would result in no harm to surrounding property. Adequate 
provisions were to be made for the safety of observers. The boilers were 
to be operated, the supply of feed-water was to be cut off or so controlled 
that the firebox would be uncovered, and the low-water conditions were 
to be continued until failure occurred. 

The tests contemplated by this outline have now been entirely carried out. 
It is the purpose of the present chapter to present in detail a description 
of the boilers and of the apparatus and methods employed in testing them. 

Design of the Boilers 

40. The boilers tested are shown in their general dimensions by Fig. 
27. Drawings showing the detailed construction of both boilers are pre- 
sented as Figs. 28 to 36, inclusive. The firebox-end of the Jacobs-Shupert 




RADIAL-STAY BOILER 

Fio. 27. — General construction of test boilers, 

boiler was taken at random from a lot which were under construction 
for a railroad company. No effort was made to have the particular one 
chosen stronger or better than the others which were going through the 
shop. In its dimensions and in the specifications which controlled in its 
construction, it conformed to the requirements of the railroad company 
in question. The boiler complete was made by the Jacobs-Shupert United 
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States Firebox Company at Coatesville, Pennsylvania. In order to secure 
a radial-stay boiler of the same genera! dimensions as the Jacobs-Shupert 
boiler, it was found necessary to build one esj>ecially for the tests. The 
order was executed by The Baldwin Locomotive Works, subject to the 
specifications and standards of the same railroad to which the Jacobs- 
Shupert fireboxes were being supplied. 

41. In addition to the inspection of the railroad company, both boilers 
were built in the presence of a personal representative of the undersigned. 
All materials employed were subject to the usual inspection and test, and 
a record of these tests is in the possession of the undersigned. Reports 
were received daily as the work progressed. The whole purpose was to 
secure two boilers, each of which should be entirely representative of the 
type it was designed to represent. The purpose was to secure a normal 
Jacobs-Shupert boiler and a normal radial-stay boiler. 

42. The dimensions of the boilers are as follows: 

Jacobs-Shupert Radial-stay 

Boiler Boiler 

Type of boiler '. . . . Extended Extended 

wagon top wagon top 

Draft appliances See Fig. 44 See Fig. 44 

Grates, oil burner, brickwork, brick arch See Figs. 45 See Figs. 45 

and 46 and 46 
Boiler Shell- 
Diameter at front-end 70" 70" 

Diameter at throat 83^" 83Ji" 

Number «90 «90 

Length 18' 2" 18' 2" 

Diameter 2K" ^H" 

Krebox — 

Length, inside 9' \%" 9' 1 ^Via" 

Width, inside 6' 4^" 6'4K" 

Depth, inside 6' lA" 6' iH" 

Grate area, square feet 58.14 58.07 

Heating Surface — 

Side- and crown-sheets, projected area 146.8 146.6 

Side- and crown-sheets, developed area, used in 

all computations 168.0 146.6 

Back tube-sheet 28.9 27.5 

Door-sheet 33. 9 32.6 

Total firebox 230.8 206. 7 

Tubes 2759.0 2759.0 

Front tube-sheet 18.6 18.6 

Total barrel 2777.6 2777.6 

Total boiler 3008.4 2984.3 

Distribution of heating-surface applicable to tests 

of partition boiler (Series A) — 

Side and crown-sheets 168,0 146.6 

Door-sheet 33.9 32.6 

Total surface effective in transmitting heat to 

firebox end 201.9 179.2 

Tubes 2759.0 2759.0 

Front tube-sheet 18.6 18.6 

Back tube-sheet 28.9 27.5 

Total surface effective in transmitting heat to 

barrel end 2806.5 2805.1 

42 
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Jacobs-Shupert Radial-stay 
Boiler Boiler 

Ratio of total firebox surface to surface effective 

in transmittin); heat to firebox -end 1.14 1 , 16 

Thickness of Boiler Sheets— 

Smoke-box 

Shell, joint ring 

Shell, front section 

Shell, middle section 

Shell, back section 

Shell, throat-sheet 

Shell, front flue-sheet 

Firebox, crown-sheet 

Firebox, side-sheets 

Firebox, back sheet, inside 

Firebox, back sheet, outside 

Firebox, outside wrapper sheet 

Firebox, section, stay-sheets 

Firebox, back flue-sheet 

Firebox Sections — 

Number 

Width 

Boiler Stays— 

Crown-bars, number 

Crown stays, diameter 

Button head, stays, rows 

Crown bolts, diameter 

Stay-bolts, diameter 

Rivets, Size- 
Boiler shell 

Firebox, inside 

Firebox, outside 

Mud-ring 1" 1" 

43. In Series A each boiler was divided into two distinct compart- 
ments by the introduction of a partition between the firebox and barrel. 
The partition was simply a back tube-sheet extended as a single flat plate (Fig. 
30) to the wrapper-sheet and mud-ring, and riveted in place between the fire- 
box and barrel. These partitions in position as they appear from the 
barrel of each boiler are shown by Figs. 37 and 39. In Series B the regu- 
lar flue-sheet was employed, which necessitated the removal of the parti- 
tions. This was readily accomplished in the Jacobs-Shupert boiler by 
cutting openings through the partition with oxyacetylene flame, thus 
transforming the partition into a flue-sheet normal in form for this type 
of boiler. Fig. 38 shows this flue-sheet viewed from the barrel of the 
boiler as used in Series B. 

44. The removal of the partition in the radial-stay boiler was a more 
difficult matter. In this boiler the back tube-sheet was connected with 
the side-sheet and crown of the furnace through the introduction of an 
angle-iron, and it extended to the outside shell of the boiler and was 
secured thereto between an angle on one side and the throat-sheet on the 
other side. To make a satisfactory job it was found necessary to remove 
the whole sheet. The rivets between the firebox and the angle were cut, 
and the acetylene torch was used to cut out the sheet just inside of the 
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shell, leaving the construction in the form shown by Fig. 40. A new tube- 
sheet was thus inserted as shown by Fig. 41. 

44a. In retubing the boilers after the reconstruction of their fireboxes, 
all tubes were welded into the firebox tube-sheet. This was done in antici- 
pation of the low-water tests (Series C) which were to conclude the experi- 
mental work. This precaution was taken because low-water sometimes 
allows the tube-sheet to be forced off the tubes with the result that the 
failure is a tube-sheet failure. It was the particular purpose of the low- 
water tests, which were anticipated, to subject the crown of the firebox to 
conditions so severe as to bring about its failure, and it was thought best 



—Retail drawing of extended back tube-sheet forming partition between fire- 
box and barrel. 



.Google 



PROGRAM OF TESTS 



Fig. 31. — Detail drawing of back tube-sheet, Jacobs-Shupert boiler. 




Fig. 32. — Detail drawing of back head, Jacohs-Shu[)ert iKtiU-r. 
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to take every precaution to prevent this process being interfered with 
by a premature failure of the tube-sheet. The advantage which might 
accrue if the practice of welding the tubes were more general is to be seen 
in the fact that throughout the tests of Series B which followed the refit- 
ting, the tubes were always tight. The resistance of the welded tubes to 
overheating under low-water conditions is referred to in connection with 
Chapter XI in which the low-water tests are described. 

The Arrangement of the Laboratory 

45. The boilers having been completed, they were installed in a tem- 
porary building erected to receive them on the grounds of the Lukens 
Iron & Steel Company. They were erected side by side and each was 
equipped for testing independent of the other. The general arrangement 




Fig. 33. — Detail drawing of throat-sheet, Jacobs-Shupert boiler. 

of the boilers and their accessory apparatus as installed when oil was used 
as fuel is shown by Fig. 42. A similar view (Fig. 43) shows the arrange- 
ment as installed when coal was used as fuel. The piping for one of the 
boilers is shown by Fig. 44, the detailed arrangement of brickwork neces- 
sary to oil-firing by Fig. 45, and the arrangement of dampers and brick- 
work for the coal-fired tests by Fig. 46. A series of photographic views of 
the laboratory are presented as Figs. 47 to 56, inclusive. 
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46. The boilers were erected on concrete piers. The pier at the fire- 
box end was given a flat surface and was a foot larger all around than the 
mud-ring. Four cast-iron pedestals (Fig. 44) served to support the mud- 
ring of the boiler H inches above the surface of this pier. When oil was 
used as fuel, the necessary brickwork was built up from the pier (Fig. 45), 
and when coal was used as fuel, the space between the mud-ring and the 
pier was filled with steel sheets to serve the purpose of an ash-pan (Fig. 
46). Dampers in these sheets supplied means for controlling the draft. 

47. To permit the boilers to be operated under conditions common 



FiQ. 34. — Detail drawing of front tube-sheet, Jacobs-Shupert boiler and radial-stay boiler. 

in service, they were equipped with a normal front-end arrangement and 
stack, except that the usual netting was entirely omitted. A normal 
exhaust pipe and tip was fixed to the bottom of the smoke-box, and suit- 
able outside piping was provided to convey the steam generated by the 
boiler to the lower end of the exhaust pipe. This arrangement provided 
for a delivery of most of the steam generated through the exhaust tip, 
and the steam thus discharged gave rise to the usual draft action. The 
control of the draft was provided for by a valve in a 7-inch pipe (Figs. 
49 and 52) which served, in the course of the tests, the purpose of the 
usual locomotive throttle. As the steam passing it was reduced from the 
pressure of the boiler to that of the exhaust pipe, it constituted an excel- 
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lent point of observation from which to secure data concerning the quaUty 
of the steam discharged. The addition of a gage and a thermometer made 
the whole arrangement serviceable as a calorimeter. Steam in excess of 
that required to produce the necessary draft conditions was discharged 




Fig. 35, — ^Detail drawing showing back head and section of radial-sUy firebox, 

from a 3-inch blow-off pipe or was discharged by the safety-valves. The 
boilers and connected steam-piping were well covered with asbestos cover- 
ing. In all of these respects the equipment of the two boilers was 
identical. 

48. The laboratory as described by the preceding paragraphs served 
for all the tests of Series A and B. In its operation, a staff of eight men 
were employed, acting under the immediate supervision of Mr. J. F. Butler. 



yGoosle 



PROGRAM OP TESTS 



Fig. 36. — Details of staying, radial-stay toiler. 
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Fig. 37. — Photograph of partition in Jacobs-Shupert boiler from barrel of boiler. The 
partition separated the water space in two compartments for obtaining data in regard 
to relative capacity and efficiency of firebox and flue heating-surface. Tests Series A. 



Fio. 38,— Back tube-sheet in Jacobs-Shupert boiler as iised in Tests Scries B, viewed from 
the barrel of the boiler. The partition was converted into this tube-sheet by'cutting 
openings with the osyacetylene flame. 
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49. While the tests of Series A and B were in progress, an investiga- 
tion was conducted by Mr. George L. Fowler, concerning the movement 
of water within the boilers, the results of which are given in Chapter XII 
entitled "Some Facts with Reference to the Circulation of Water in Loco- 
motive Boilers." At the conclusion of the tests of Series A and B, the 



FiQ. 39. — Photograph of partition in radial-stay boiler from the barrel of the boiler as 
used in Tests Series A. Firebox-sheets and wrapper-sheets were attached to partition 
by means of angle-irons. 

boilers were dismantled, the covering upon them was removed, and they 
were transferred to the ground selected as a site for the low-water tests 
(Series C). An account of the re-equipment of the boilers for the low- 
water tests, a description of the tests and the results obtained from them 
constitute the subject of Chapter XI of this report. 
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VIII. The Relative Value of Firebox 

Heating Surface and of Tube Heating 

Surface as Determined by Tests of a 

Typical Jacobs-Shupert Boiler and 

a Typical Radial-Stay Boiler 

50. Many years have passed since any effort has been made to estab- 
lish by experimental processes the relative amount of heat absorbed by the 
firebox and by the tubes of a locomotive boiler. In the meantime, boilers 
have greatly increased in size and they have been so changed in their pro- 



FiG. 40. — ^View in radial-stay boiler from barrel looking toward door-sheet after partition 
had been removed following conclusion of Tests Series A. A regular flue-sbeet was 
applied for Tests Series B. 
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portion that no measure of a quarter of a century ago can now be accepted 
as applying to present-day practice. With the hope of making a contribu- 
tion which would be of interest to the engineering profession, it was early 
arranged that the tests to be undertaken by the Jacobs-Shupert United 
States Firebox Company should include such a determination. In carry- 



FiG. 41. — Photograph in radial-stay boiler showing flue-sheet and staying of firebox previous 
to start of Tests Series B. 

ing out this purpose, both the Jacobs-Shupert boiler and the radial-stay 
boiler as initially constructed were partitioned off by an extension of the 
tube-sheet to the outside shell of the boiler. This partition separated the 
interior of the boiler into two compartments. The compartments were 
connected only through the medium of the steam piping, the arrangement 
of which was similar to that of two boilers connected to a common steam 
header. In the process of testing, both compartments received heat from 
a single source; namely, the interior of the firebox, but each compartment 
was fed from a separate supply of weighed water, and its output of steam 
was dealt with as though it had been a separate boiler. The details of 
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the process may be perfectly 
apprehendetl by reference to 
the explanatory notes and the 
tables of Chapter XIII. 

51. The location of the 
partition was such that the 
heat transmitted by the tube- 
sheet of the firebox was de- 
livered to the barrel-end of the 
boilers, and the evaporation 
from this portion of the firebox 
was weighed in with that of 
the tubes. The observed data 
(Cols. 37 and 38) give the 
actual weighings of water fed 
to each portion of the boiler, 
and all items involving water 
evaporated, which follow in the 
tables, are detluced from these values, being based upon the observed 
results referred to the actual surface which was effective in bringing about 



Fig. 48. — Photograph showing water-glasses and 
gage-cocks arranged for Test.s Series A. These 
show water-levels in firebox and barrel when 
the same were separated by partition. 



Fig. 49. — ^Photograph of forward end of test boiler showing main steam discharge pipe and 
controlling valve, the 3-inch relief pipe to atmosphere above it, and the electric pyro- 
meterfor indicating the temperature of smoke-box gases. 
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Fig, 50. — Two calibrated water tanks on left and fuel-oil weighing tank on right as arranged 
for Tests Series A. Water was supplied independently to the firebox and barrel by 
means of the separate water tanks. 



Fig. 51. — Another view of fuel-oil weighing tank on platform and receiving tank below. 
After the oil was weighed it was discharged into the receiving tank from which it was 
fed directly to the burner by gravity. 
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Fig. 5'^.— Photograph showing draft-gages in front and behind diaphragm, gns sampler 
for flue gases, and steam gages and thermometers in discharge pipe. The large valve 
served a double purpose, namely, that of regulating the draft, and with the apparatus 
behind it, as a throttling calorimeter. There were other calorimeters nearer the lioiler. 



Fig, 53. — Photograph showing firing platform of one test boiler. Scales in foreground 
are for weighing ashes. Scales for coal are located near door of laboratory not visible 
in picture. 
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Fig. 54. — View at front of firebox, showing steam 
and oil pipes to fuel-oil burner. Gage shows 
pressure in steam line. 



the result. The deduced values covering the firebox performance have been 
obtained by multiplying the evaporation actually obtained by the ratio of 

the total firebox surface to the 
• ■ firebox surface effective in pro- 

ducing vaporization in the fire- 
box-end of this boiler. The 
small increment, which by this 
correction is added to the ob- 
served evaporation of the fire- 
box, is in the deduced results, 
subtracted from the observed 
evaporation of the barrel. The 
effect of this correction is merely 
to credit to the firebox and 
debit to the barrel the heat 
transmitted by the back tube- 
sheet. These statements are, 
of course, applicable to both 
boilers. 
52. In the operation of the boilers constructed and equipped as 
described, a series of conditions appeared which, while unexpected, were 
interesting. It was found after starting fires under cold^boilers that the 
firebox-end of the boiler would begin 
to make steam while the barrel re- 
mained comparatively cold. The 
steam thus generated by the firebox 
passed through the piping to the cooler 
steam space of the barrel, where 
much of it condensed. As a result, 
the water-level of the barrel would 
gradually rise and the water-level in 
the firebox-end would fall. The prog- 
ress of these changes soon made it 
necessary to blow off water from the 
barrel, and to feed water to the firebox- 
end. This action operated greatly to 
prolong the process of getting the 
boiler into action. After the barrel 
began to- make steam, both com- 
partments performed normally as two 
boilers of a single battery, the qual- 
ity of steam delivered from each Fjg. 55 _Valve for oontrolling fuel-oil 
being practically of the same value. supply to burner under boiler. A 

T. ■ 1 ■ .1 . .r .• 1 micrometer adjustment and calibration 

It IS obvious that the action de- ^f ^.^,^^ provided a veiy delicate regu- 

scribed had nothing to do with the lation of oil used during tests. 
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differences in the design of the two boilers, but was a result of the manner 
in which they were fitted up for the test in hand. The action occurred 
in connection with both boilers. It was completely overcome by adding 
a 2-inch emergency pipe connecting a washout hole in the bottom of the 
barrel with a washout hole in the water-leg of the firebox. This connec- 
tion permitted, during the process of warming up, the firebox-end to be 
supplied with water from the barrel-end, and it established a channel for 
circulation which was found to be necessary to normal action. The pipe 
in question was provided with two valves and a drain between so that 
the circulation could be effectually stopped after both parts of the boiler 
were gotten into action. 

53. The record of injector action for the two compartments, when the 
evaporation for the whole boiler equaled 25,000 pounds of water per hour, 
will be of interest as suggesting the constancy with which the conditions 
of the tests were maintained. It is as follows: 
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TESTS OF A JACOBS-SHUPERT BOILER 

54. The tests upon the partitioned boilers are referred to throughout 
this report as those of Series A. Nine tests were made with oil as fuel, 
five upon the Jacobs-Shupert boiler and four upon the radial-stay boiler. 
These were followed by twelve tests, during which coal was used as fuel, 



Fig, 5fl. — Cinder trap over stack of boiler. 
Samples taken in four positions. 

six upon the Jacobs-Shupert boiler and six upon the radial-stay boiler. 
The results of all tests are given in detail by the tables of Chapter XIII. 
A summarized statement of the more significant facts developed is as 
follows: 

Series A. Oil Fuel 

55. Numerical values which are of especial interest are presented in Table 
1, and a diagram showing the percentage of the total heat absorbed by 
the firebox as Fig. 57. The points plotted in this diagram include all 
results as obtained from both the Jacobs-Shupert boiler and the radial- 
stay boiler. Referring to Table 1, it will be seen that each pound of oil 
burned resulted in the evaporation of from 15.9 to 13.2 pounds of water, 
the amount diminishing as the rate of power is increased. The thermal 
efficiency of the Jacobs-Shupert boiler under low rates of power may 
exceed 80 per cent, and even under high rates of power it is above 70 per 
cent. It can be shown that when the Jacobs-Shupert boiler is made to 
evaporate 20,000 pounds of water an hour, it will generate 14.14 pounds 
of steam for each pound of oil burned. It can be shown also from data 
to be presented later in this chapter that at the same rate of power it will 
generate 8.3 pounds of steam for each pound of Dundon coal burned, so 
that a comparison of the results here presented, with others which are to 
follow, makes one pound of oil in locomotive service equal to 1.7 pounds 
of high-grade bituminous coal. 

56. With reference to the distribution of work between the firebox 
and the tubes, Fig. 57 shows that the fraction of the total heat transmitted 
which is taken up by the firebox is greatest when the rate of power is low. 
Thus, when only 800 pounds of oil are being fired per hour, 54 per cent, of 
the total evaporation is from the firebox surface, whereas when 2,200 
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Fig. 57, — ^Ratio of evaporation in fir ebox to oil burned per hour. Test Series A — Oil Fuel. 

pounds of oil are fired per hour, 40 per cent, of the total transmission is 
through the firebox. This statement shows that the proportion of the 
whole work done by the firebox is not only surprisingly large at its maxi- 
mum, but that it continues to be large under all conditions of operation. 
Translating the facts presented by these values given into measures which 
are more readily recognized, and expressing them in round numbers, it 
may be said that when served with 2,200 pounds of oil per hour: 

The Jaeobs-Shupert boiler will evaporate 40,000 pounds of water per 
hour. Of this amount, 16,000 pounds will be evaporated by the firebox 
and 24,000 pounds by the barrel. 

The whole boiler will develop 1,200 horse-power, of which amount 
nearly 500 horse-power will be developed by the firebox. 

The average rate of evaporation per fool of heating-surface per hour 
for the whole boiler will be 9.78 pounds. 

The average rate of evaporation per foot of heating-surface per hour 
for the firebox will be 49.59 pounds, and for the barrel 6.47 pounds. 

The ratio of heat absorbed per foot of heating-surface by the firebox 
to that absorbed per foot of tube heating-surface is as 7.6 to 1. 

57. While the tests show the efficiency of the boilers when fired with 
oil to be high, and while the results are very consistent, they can not be 
accepted as constituting a basis of comparison which admits of a high 
degree of refinement. This fact arises from difficulties encountered in the 
maintenance of a satisfactory fire. The burning of oil in large quantities 
within the firebox of a locomotive boiler presents a problem which has not 
yet been perfectly solved. In the case of the boilers experimented upon, 
the burner, the brickwork, and all other provisions affecting combustion 
were made to agree with the practice of large railway corporations having 
hundreds of locomotives oil-fired. The undersigned believes that the 
results obtained at the testing plant were probably as satisfactory as any 
which are obtained upon the road, but it was impossible in the mainte- 
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VALUE OF FIREBOX HEATING-SURFACE 

nance of the fire to prevent deposits of soot upon the heating-surface. The 
practice of thoroughly cleaning the heating-surfaces before starting fires, 
and of afterwards doing nothing to them during the progress of the test, 
resulted in abnormally high smoke-box temperatures and in the accumu- 
lation of considerable quantities of soot which was required to be removed 
at the end of the test. All results obtained under this practice were finally 
discarded. Later recourse was had to sanding the tubes, a practice com- 
mon on railroads. At regular intervals during the progress of the test a 
scoopful of sharp sand was carefully distributed through the door into 
various portions of the furnace in such a manner that the particles would 
be taken up by the draft and carried through the tubes, cleaning them as 
by a sand-blast process. While this practice gave cleaner tubes, it did not 
clean the firebox, and an attempt was made to reach this portion of the 
heating-surface by using an air-blast with sand. As a result of these 
efforts systematically applied, the results obtained are fairly consistent, 
but since it is known that the performance of the boiler was more or less 
affected by the presence of soot, and since it can never be certain that 
the extent of this defect was constant for all the tests made of record, the 
results can not be accepted as constituting a measure of the relative per- 
formance of the two fireboxes, which is satisfactory from a scientific point 
of view. For this reason, also, no attempt has been made to elaborate, 
through a complete heat balance, the computations of the oil-fired tests. 

Tests of Series A with Coal 

58. The more essential facts developed by these tests are set forth 
in Table 2. This table includes the results of twelve tests, six 
upon the Jacobs-Shupert boiler and six upon the radial-stay boiler. For 
each boiler, two tests were made with Scalp-Level coal and four with 
Dundon coal. The Scalp-Level coal burns with a short flame. Its analy- 
sis (coal as fired) is as follows: 

Per cent. 

Fixed carbon 75 . 90 

Volatile matter 16.45 

Moisture 2.15 

Ash 3.50 

The Dundon coal is a long-flame gas coal. Its analysis (coal as fired) is 

as follows : 

Per cent. 

Fixed carbon 49 . 54 

Volatile matter 34.34 

Moisture 3.38 

Ash 12.74 

59. The results show that under low rates of power either boiler will 
give an evaporation of more than 10 pounds of water per pound of coal. 
For the whole series of tests the evaporation is normally above 8 pounds 
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VALUE OF FIREBOX HEATING-SURFACE 

of water per pound of coal. A comparison of the performance of the whole 
boiler when delivering a definite amount of power, shows that the thermal 
efficiency is from 8 to 10 per cent, less when coal is fired than when oil is 
used as fuel. 

60. The percentage of the total heat absorbed by the boiler, which 
is taken up by the firebox when the fuel is coal, is shown diagrainmatically 
by Fig. 58. The points plotted upon this diagram fall into two series of 
groups. The first located by double circles represents all results obtained 
with Dundon coal, both from the Jacobs-Shupert boiler and the radial-stay 
boiler. The second located by single circles represents results obtained 
with the Scalp-Level coal. Neither boiler was equipped with the brick arch 
during these tests. It is interesting to note that the short-flame coal is 
at a distinct disadvantage as compared with the long-flame coal in giving 
up heat to the firebox. AVhen Dundon coal is used as fuel, the percentage 
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Fig, 58. — Ratio of evaporation in firebox to coal burned per hour. Tests Series A — Coal 
Fuel 



of the total heat absorbed by the firebox varies from a little less than 50 
to a little more than 30, depending upon the rate of power, the percentage 
diminishing as the power is increased. When Scalp-Level coal is used, 
the percentage is about 8 less than when Dundon coal is used. 

61. If we assume the Jacobs-Shupert boiler to be evaporating 20,000 
pounds of water per hour, the percentage of the total heat absorbed by the 
boiler which is taken up by the firebox, is as follows: 

Per cent. 

Wlien oil is used an fuel ii 

When long-flame bituminou.s coal is used a,s fuel ii 

When short -flame coal is used as fuel H5 

This suggests the possibility of the existence of some relation between the 
percentage of total heat which is absorbed by the firebox and the charac- 
ter of the fuel. For example, it may be that the substitution of anthracite 
for bituminous coal would operate to reduce the total work done by the 
69 
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TESTS OF A JACOBS-SHUFERT BOILER 

firebox below 35 per cent. The explanation is perhaps due to a changed 
condition in the tubes rather than in the firebox. It may be that the freer 
burning coal deposits less soot in the tubes and permits them to absorb a 
larger proportion of the total heat delivered. 

62. It will be of interest to note that with Dundon coal when the rate 
of combustion equals 4,341 pounds per hour, which is near the highest 
reached in firing the partitioned boilers: 

The Jacobs-Shupert boiler will evaporate 35,405 pounds of water per 
hour, of which amount 11,982 pounds will be evaporated from the firebox 
and 23,4S3 pounds from the tubes. 

The whole boiler will develop 1,026 horse-power, of which amount 
304 horse-power will be developed by the firebox. 

The average rate of evaporation per foot of heating-surface per hour 
for the whole boiler will be 11.77 pounds. 

The average rate of evaporation per foot of heating-surface per hour 
for the firebox will be 51.92 pounds, and for the barrel 8.43 pounds. 

The rate of heat absorbed per foot of heating-surface by the firebox 
to that absorbed per foot of tube heating-surface is as 6.15 to 1. 

A Comparison of the Performance of the Two Fireboxes 

63. The Jacobs-Shupert firebox and the radial-stay firebox were 
designed and constructed to have the same over-all dimensions. The 
heating-surface of both fireboxes, as measured by their projected areas, is 
substantially the same and is equal to 206.7 feet. But the curved form 
of the sections of the Jacobs-Shupert firebox gives a developed area which 
is greater than that of the plain surface of the radial-stay firebox. The 
developed area of the surface of the Jacobs-Shupert firebox is 230.8 feet, 
an increase over the surface of the radial-stay firebox of 11 per cent. This 
increase in the heating-surface of the Jacobs-Shupert firebox is an incident 
in the development of its design. The purpose of giving the sections of 
the firebox the shape they have is not primarily that greater heating- 
surface may be secured, but that a satisfactory structure may result. 
Nevertheless, a question as to the effect of this increase in heating-surface 
upon the amount of heat absorbed by the firebox, is one of some impor- 
tance, and its determination constitutes one of the questions for which 
the present series of tests was instituted. The results upon this point, as 
set forth in detail by Chapter XIII and as briefly reviewed in the short 
tables presented herewith as Tables 1 and 2, are not conclusive. While 
results of individual tests may be selected which will show a considerably 
higher percentage of the total heat absorbed to have been taken up by the 
Jacobs-Shupert firebox than by the radial-stay firebox, their effect is neu- 
tralized by the possibility of other comparisons involving results believed 
to be equally reliable. The tact as developed by the results of 20 tests 
seems to indicate that the difference in absorbing capacity of the two 
fireboxes tested is not sufficient to be established by carefully conducted 
boiler tests. Heat transmitted by a locomotive firebox is chiefly the 
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result of conduction and convection; radiation probably plays but a small 
part. Transmission by conduction is a function of differences in tem- 
perature. If in the case in hand, a plane in the water space above the 
crown-sheet is considered as receiving the heat and a parallel plane in the 
firebox below the crown-sheet as the source of heat supply, the amount of 
heat transmitted will theoretically be independent of the form of the 
metallic crown-sheet between. Again, the convection currents have a 
clear sweep over certain exposed portions of the firebox sections, but do 
not reach other portions which are between the sections. It is not unlikely 
that considerations such as these account for the results which have been 
obtained. These statements apply only to the fireboxes. The results 
which have been derived from the boilers as a whole are next described. 
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IX. Evaporative Tests of a Jacobs-Shupert 
Boiler and a Normal Radial-Stay Boiler 

64. At the conclusion of the tests described in the previous chapter, 
the boilers were reconstructed to such extent as was necessary to secure 
the removal of the partitions, which in the previous work separated the 
firebox-end from the barrel. A statement of the means employed in 
bringing about this result will be found in Chapter VII. The reconstruc- 
tion accomplished, there was available for the further work a normal 
Jacobs-Shupert boiler and a normal radial-stay boiler. Tests upon the 
normal boilers were first run using Scalp-Level coal as fuel and without 
the presence of an arch in the firebox. This series was followed by two 
tests in which Dundpn coal, a long-flame gas coal, was used. After this, 
the brick arch was added to the firebox and the program of tests prac- 
tically repeated. The details of the process may be perfectly apprehended 
and the results obtained easily understood by reference to the explanatory 
notes and the tables of Chapter XIII. The tabulated statement Table 
3 presented herewith covers the more important results which were 
obtained from the entire series. A summary is as follows: 

Results of Tests without the Brick Arch in Firebox 

65. These are represented in Table 3 by tests 201 to 302, inclusive. 
The series includes five tests of the Jacobs-Shupert boiler and four 
tests of the radial-stay boiler when fired with Scalp-Level coal, and 
one test of each boiler when fired with Dundon coal. The efficiency of a 
locomotive boiler is highest when the power developed is least. For 
example, referring to the first test (201), it will be seen that when the 
Jacobs-Shupert boiler was fired with 1,315 pounds of moisture free coal per 
hour it— 

(a) Evaporated 15,293 pounds of water per hour. 

(b) Evaporated 5.08 pounds of water per square foot of heating- 
surface per hour. 

(c) Evaporated 11.01 pounds of water per pound of coal. 

(d) Developed 443 horse-power. 

{e) Developed an overall efficiency of 71.86 per cent. 

(J) Developed an efficiency, excluding the grate, of 79.75 per cent. 



66. The precise effect produced by increasing the load upon a boiler 
is well shown by the values of the heat balance for the several tests run 



.Google 



COMPARATIVE BOILER EVAPORATIVE TESTS 



is 1 t 

IE I 

Ess "T' 
2aS >B 






S5S 


sss 


SKS 


ES 


SKS 


sss 


szs 


iSS 


ESS 


CSS 




88 


— a « 


— 




1- CO 




_, 







s 

s 


s 


ss 


£ 


s 


s 


s s 


2 



SSSSSGSS 



a •: 



8Z 

O 

z 



3"ii 



' pi I I s B 

s« ^ i I S i 

Sal" S. 



<i^^»-* z "2" 



S S!" 3 S S S 3 * s i 



ill 



Is iSS 
;■ 2 1 S 3 






: sss 3:s£s 



i. = . = = = Q 



-IC^St^CQCQffiC^C^CI 



T r T I T 1 
a n CO EC a ai B 



y Google 



TESTS OF A JACOBS-SHUPERT BOILER 

with Scalp-Level coal. For example, tests 201, 202, 204, and 205 repre- 
sent in the order given an increased rate of power. A statement of con- 
ditions and results is as follows: 



Test number 201 20« 204 

Pounds of cxjhJ fired per hour 1,380 3,419 5,930 

Thermal units for each pound of coal: 

(fl) Absorbed by water in boiler 10,687 9,327 7,532 

(t) Lost by moisture in coal 48 34 37 

(c) Lost by moisture in air 49 53 114 

(d) Lost by hydrogen in coal 486 497 500 

(e) Lost by smoke-box gases 1,979 2,731 3,992 

(f) Lost by incomplete combustion 78 

(g) Lost by cinders passing up stack 153 851 1,078 

(A) Lost by combustible in ash 1 ,187 679 201 

(i) Lost by radiation and unaccounted for . 205 547 881 

Total B. T. U. per pound of coal 14,872 14,719 14,425 



205 
16,314 



514 
4,675 



By comparing the values in the horizontal lines, the changes resulting 
from changes in the rate of power may be seen. First, it will be observed 
that the number of thermal units absorbed by the water in the boiler 
becomes smaller with each succeeding test. The loss thus sustained is 
accounted for by the increased amount of heat which goes off with the 
smoke-box gases and in the form of combustible material which passes out 

of the stack as cinders. 
67. The evaporative 
performance of the boil- 
ers in terms of pounds 
of coal fired per hour is 
shown by Fig. 59. In 
this figure the double 
circles represent tests 
with Dundon coal and 
the single circles tests 
with Scalp-Level coal- 
Tests upon the Jacobs- 
Shupert boiler are indi- 
cated bythe plaincircles, 
while the tests on the 
radial-stay boiler are 
indicated by combined 
circles and crosses. The 
diagram represents all 
results obtained. Tests 
301 and 302 were run with Dundon coal, all others with Scalp-Level coal. 
The long straight line represents the tests of the Jacobs-Shupert boiler when 
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COMPARATIVE BOILER EVAPORATIVE TESTS 

using Scalp-Level coal, with a maximum error which is less than 3 per cent, 
and an average error which is less than one per cent. It will be seen that 
the line also represents fairly well the results obtained from the radial-stay 
boiler, which are marked by crosses. Dundon coal gives a higher evap- 
oration than Scalp-Level coal. A parallel line is drawn through the two 
points representing the results obtained from the two boilers when fired 
with Dundon coal. 



Results with a Brick Arch in the Firebox 



68. Upon the completion of tests 201 to 302, inclusive, described in 
the preceding paragraphs, both boilers were equipped with firebox arches 
supplied and installed by the American Arch Company. Thus equipped, 
tests 401 to 501, inclusive, were run. A detailed description of the arches, 
together with a discussion of their effect upon boiler efficiency, is reserved for 
another place (Chapter 
X). The present pur- 
pose is to consider the 
results in their relation 
to the two boilers 
tested. 

69. A summarized 
statement of the actual 
values appears in Table 
3 and the comparative 
performance of the two 
boilers is set forth by 
Fig. 60. In the latter 
figure, the long straight 
lineis drawn to represent 
as nearly as possible the 
points shown by circles, 
which are those of the 
Jacobs-Shupert boiler 
when fired with Scalp- 
Level coal. It will be . 
seen that the line also 
represents fairly well 
the points located by 
crosses, which indicate results obtained from the radial-stay boiler. The 
crosses fall lower than the circles which determine the location of the 
line. Only one test representing Dundon coal is of record in this 
group, and this (501) is a test of the Jacobs-Shupert boiler at the highest 
rate of power developed during the series. In this test, the firing 
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was at the rate of 6,553 pounds of moisture free coal per hour. This 
rate of firing resulted in: 

A rate of combustion equaling 119.38 pounds of coal per foot of grate 
per hour. 

An evaporation of 57,564 pounds of water per hour, or the equivalent 
of 19.13 pounds of water per foot of heating-surface per hour. 

The development of 1,669 boiler horse-power, or the equivalent of 
one boiler horse-power for each 1.8 foot of heating-surface. 

An evaporation per pound of coal, notwithstanding the high rate of 
power developed, of 8.78 pounds of water. 

The maintenance of an overall boiler efficiency of 65.34 percent., and 
of the boiler, exclusive of the grate, of 67 per cent. 

70. It is unusual for boilers to be driven to such rates of power. At 
the Purdue locomotive testing plant, as a result of its first fifteen years of 
oi>eration, the highest rate of evaporation made of record was 14.45 pounds 
of water per foot of heating-surface per hour, obtained August 7, 1905, by 
the use of Youghiogheny coal. At about the same time the report of the 
Pennsylvania Railroad Company of the St. Louis tests was issued, by 
which it appeared that the New York Central locomotive No. 3000 had, 
while on the testing plant, been forced to a rate of 16.34 pounds per foot 
of heating-surface per hour, which was the maximum for that celebrated 
series of tests. It is in comparison with these record-breaking perform- 
ances that the rate of 19.13 pounds obtained for the Jacobs-Shupert boiler 
at Coatesville is to be considered. So far as the undersigned is informed, 
it represents the highest rate of power to which any locomotive boiler has 
been driven. 

71. The conclusion to be drawn from the tests of Series B concern 
evaporative efficiency and capacity. The results show that the Jacobs- 
Shupert boiler and the radial-stay boiler, under all the various conditions 
of the tests, operate at practically the same efficiency. There are indica- 
tions that under verj' high rates of power the Jacobs-Shupert boiler has 
some slight advantage. 

72. Two boilers of the same efficiency will generate equal amounts of 
steam for equal quantities of fuel consumed. Relative steaming capacity 
is in the case of such boilers a matter of relative coal-burning capacity. 
The superior strength of its firebox allows the Jacobs-Shupert boiler to be 
fired to very high limits of power without injury. Its strength thus 
becomes an indirect factor in extending its capacity. In this respect, the 
capacity of the Jacobs-Shupert boiler excels that of the radial-stay boiler. 
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X. The Brick Arch as a Factor in Boiler 
Performance 

73. The tests of Series B afford an excellent basis from which to deter- 
mine the value of a brick arch in a locomotive firebox. Some of these 
tests, Nos. 201 to 302, inclusive, were run with no arch; the others, Nos. 
401 to 501, inclusive, were run with an arch. They involve both the 
Jacobs-Shupert boiler and the radial-stay boiler. Scalp-Level coal was 
used for some of these tests and Dundon coal for the others. 

74. The arches used in these tests were, as previously noted, supplied 




Fig. 61. — General drawing of brick arch as applied to Jacobs-Shupert firebox. Tests 
Series B. 








Fio. 68, — General drawing of brick arch as applied to radial-stay firebox. Tests Series B. 
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and installed by the American Arch Company. They were substantially 
the same for both boilers, but the curvature of the firebox sections of the 
Jacobs-Shupert boiler made necessary some slight differences in design. 
The arch as installed in the Jacobs-Shupert boiler is shown by Fig. 61, 
and as installed in the radial-stay boiler by Fig. 62. 

75. The evaporative efficiency of the boilers with and without the 
arch is well shown by Fig. 63. In this figure the points shown as triangles 
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Fig. 6S, — ^The effect of the brick arch in firebox on efficiency. 

represent tests (Nos. 201 to 302, inclusive) without the arch. Nine of 
these tests were run with Scalp-Level coal, five on the Jacobs-Shupert 
boiler and four on the radial-stay boiler. The long dotted line drawn 
through this group of points may be accepted as representing the per- 
formance of both boilers without the arch fired with Scalp-Level coal. 
Similarly, the points located by squares represent results from both boilers 
with the arch. Six of these points represent tests with Scalp-Level coal, 
and the long full line may be accepted as fairly representing them. The 
addition of the arch raised the performance of these boilers from that 
represented by the dotted line to that represented by the full line, an 
increase of 0.6 of a pound in the amount of water evaporated per pound 
of coal. For example, assuming the boilers to have been fired with 6,500 
pounds of Scalp-Level coal per hour, they will evaporate 7.35 pounds of 
water per pound of coal without the arch and 7.95 pounds of water per 
pound of coal with the arch, a gain of 8 per cent. Comparisons involving 
lower rates of combustion lead to smaller gains when these are expressed 
as a percentage of the evaporative efficiency. In the light of these experi- 
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ments, it is fair to say that the addition of an arch in the firebox of loco- 
motives using Scalp-Level coal, results in increasing the efficiency from 5 
to 8 per cent. 

76. The points representing tests with Dundon coal are three in num- 
ber. One representing the Jacobs-Shupert boiler and one the radial-stay 
boiler without the arch are shown on Fig. 63 as triangles enclosed in 
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Fig. 64. — Comparison of heat balances of representative tests with and without arch, 

circles, and one representing the Jacobs-Shupert boiler with the arch as a 
square enclosed in a circle. A short dotted line is drawn through the two 
points representing the two tests without the arch, and a short full line 
through the one point representing the test with the arch. The differ- 
ence in the location of these lines measures the effect produced by the 
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arch. It represents an evaporation of one pound of water. Thus, when 
6,500 pounds of Dundon coal are fired per hour, the boilers without the 
arch will evaporate 7.7 pounds of water per pound of coal, and with the 
arch, they will evaporate 8.7 pounds of water per pound of coal. This 
means that with Dundon coal the addition of the arch resulted in increas- 
ing the evaporative efficiency to the amount of 12 per cent. 

77, The results of the heat analysis for two tests at substantially the 
same rate of power, one with the arch and one without it, are presented as 
Fig. 64. 

78. The difference in the effect produced by the arch in connection 
with the two grades of coal is doubtless to be found in differences in the 
manner in which the coal bums. The Scaip-Level coal has only half the 
volatile matter of the Dundon coal. The benefits to be derived from the 
presence of an arch — the longer flame way, the better mixing of gases, and 
the conserving of high furnace temperature — are all matters which affect 
its combustion favorably, but the long-flame Dundon coal being in greater 
need of these advantages, naturally profited most by the presence of the 
arch. 
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XL Low-Water Tests and Their Results 

79. One of the principal advantages claimed for the Jacobs-Shupert 
boiler is that of increased safety. This claim has been based upon the 
fact that its firebox is made up of comparatively small sections, that the 
rivets joining the sections are entirely in the water space of the boiler, 
where even under low-water conditions they can not be exposed to the 
direct action of the heat, and that there are no stays in side-sheets or 
crown ending in the firebox. If low water occurs and the crown-sheet 
becomes overheated, the parts most affected are the curved portions mak- 
ing up the center of the sections, that is, the portions of the plates most 



Fig. 65. — The Jacob.s-Shupert boiler on the way to low-water testing grounds over the 
industrial tracks of the Lukens Iron & Steel Company. Note its size as compared 
with that of the boiler of the milt locomotive. 

remote from the joints. The excessive heating, therefore, comes at a 
point which, by the design of the boiler, is best able to withstand it. It 
is, of course, entirely conceivable that even under these conditions the 
overheating may proceed to a point which will result in a failure of the 
sheet, but it has been claimed that even in such an event, a single section 
only will fail, that the plate will pocket and blow out through a compara- 
tively small opening, and that the effect of the failure will be entirely 
local. These assumptions, if true, make the Jacobs-Shupert boiler a safety- 
boiler in the same sense that the modern water-tube boiler, so much used 
in stationary' service, is a safety-boiler. If the action described actually 
takes place, there can be no explosions of a Jacobs-Shupert boiler such as 
occur in the case of a radial-stay boiler when the crown-sheet comes down. 
The confidence with which the claims for safety were put forth had been 
greatly strengthened by the results of a test of a large Jacobs-Shupert 
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boiler which was made at Topeka, Kansas, in the fall of 1910. These 
tests were most carefully conducted by Mr. H. B. MacFarland, and the 
results as reported by him completely sustain the assumption above 
stated. But notwithstanding the confirmatory evidence thus supplied, the 
officers of the Jacobs-Shupert company early expressed the desire that 
such tests be included in the series to be conducted by the undersigned, 



Fig. 66. — ^SettinR of Jacobs-Shupert boiler for low-water test. View shows concrete piers 
and the substantial supports under the boiler. 



Flu. 67. — Settinf? of radial-stay Iwiler for low-water test. View shows the substantial 
concrete piers and supports identical to those under the Jacobs-Shupert boiler. 
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Fig. 68.^ — General view of testing ground, showing location of boilers with reference to 
each other, the shelter for the operating staff, the elevated fuel-oil tank, and the large 
display board for indicating to guests in the pavilion the water-levels and steam pressures 
during tests. 



and these were, as a consequence, specified in the original outline. This 
provided that at the conclusion of the evaporative tests, the results of 
which have already been presented, both the Jacobs-Shupert boiler 

and the radial - stay boiler 
JACOBS-SHUPERT 
V,BOILEE 



RADIAL STAY 
BOILER 




Fui'l Oil Tank \_/-J \ 
Disi>lav Board for Guests A 

FiQ. 69. — Ground plan of testing field. 



should be tested to complete 
failure under low-water condi- 
tions if that should be prac- 
ticable. 

80. The boilers have al- 
ready been described (Chapter 
VII). Both were of the same 
general dimensions, and both 
were designed for a working 
pressure of 225 pounds. As 
has been previously stated, 
the firebox-end of the Jacobs- 
Shupert boiler was selected at 
random from a number of 
similar fireboxes under con- 
.struction at Coatesville on the 
order of a railroad company. 
There was nothing special 
about it. It was, however, 
fitted up under the scrutiny 
of a personal representative 
of the undersigned. It was 
no stronger or better than the 
others of the same lot. 
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81. The radial-stay boiler 
was constructed under the spec- 
ifications of the Santa Fe rail- 
way by the Baldwin Loco- 
motive Works under the 
scrutiny of a Santa Fe in- 
spector. It was inspected also 
by a personal representative of 
the undersigned, whose daily 
reports cover progress made 
and include certificate^ of 
analyses and of tests made by 
him, or in his presence, of the 
materials entering into the 
construction of the boiler. 
These, however, are not im- 
portant to this presentation, 
except so far as they concern 
the details which failed under 
the low-water tests, and this 
report need not be cumbered bj' a full record of such statements. Those 
facts which are most pertinent will be set forth in connection with the 
discussion of the results of the low-water tests. 

82. Preparations for the low-water tests received careful attention. 



Fig. 70. — The shelter for operating staff in low- 
water tests, (»nsistnig chiefiy of a Jacobs- 
Shupert fireliox behind an eniliankment of 
timlier and dirt. Located about 200 feet 
from boiler. 



Fig. 71.— \'iew of Jacobs-Sliupert boiler in position after low-water test, showing water, 
oil and steam pipe.4. valves and connections, the three pops and special water-glasses 
and gage-lx)ards. 
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An extensive fill made up of refuse from the mill of the Lukens Iron & 
Steel Company, extending up the valley of a small stream for a distance 
of several thousand feet, remote from habitations, supplied an acceptable 
ground. The fill was traversed by railway tracks over which the mill 
locomotives and cars were constantly operating. Fig. 65 shows the 
Jacobs-Shupert boiler on its way to the testing-ground. The upper sur- 
face of the fill was fairly level, and at the point chosen for the setting of 




Cant Iroii >- —- -Oil Biinier r< 
Pcdeslnls ^irPonsBack Wall 



Fig. 72. — General arrangement of oil burner and fixtures and briek arch in test boilers in 
low- water tests. 

the boilers it extended to a widtli of approximately 200 feet. Each boiler 
was set on two concrete piers, one under the firebox approximately 10 feet 
square, and the other under the barrel of the boiler of much smaller 
dimensions. These are well shown by Figs. 66 and 67. The location of 
the boilers with reference to each other and to surrounding features of the 
landscape is shown by Fig. 68, and the general layout of the equipment by 
Fig. 69. A substantial shelter for those conducting the tests, consisting 
principally of the firebox-end of a Jacobs-Shupert boiler, was established 
200 feet from the nearest boiler (Fig. 70). In the rear of this shelter an 
oil-tank was erected at such a height as would serve to deliver fuel-oil to 
the burners under the boilers by gravity, and a small pump near the tank 
served to take oil from a works tank-car which could be switched to an 
adjacent track to this service tank. The Jacobs-Shupert boiler with its 
connected piping, gage-boards, etc., is shown by Fig. 71. The radial- 
stay boiler was similarly equipped. The boilers were fed with water by 
means of an independent steam-pumping plant located on the bank of the 
stream below the fill. A shelter was provided for the attendant of this 
plant. A main feed line was laid directly from the feed pump to the 
operators' shelter, at which point it branched to each boiler, a valve in 
each branch within the shelter i>ermitting a control of the feed during the 
progress of the tests (Fig. 69). The oil-supply pipe also branched at the 
shelter, and each branch was provided with valves permitting control at 
that point. These oil-valves, however, were not used except to shut off 
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the supply of oil when the boiler being supplied went out of commission. 
The location of the oil-burner, the design of the brickwork and other 
details of furnace arrangement are shown by Fig. 72. The draft which 
during the low-water tests was supplied in the same manner as in the evap- 
orative tests, that is, by dis- 
charging steam from the boiler 
through a normal exhaust 
pipe and tip, could be con- 
trolled from the shelter. This 
was accomplished by having 
a ratchet-wheel (Fig. 73) fit- 
ted to the stem of the 7-inch 
valve in the steam -delivery 
pipe, and tw<» levers carrying 
dogs to engage the ratchet- 
wheel. The action of one 
lever served to open the valve, 
while that of the other closed 
it. Either lever could be op- 
erated by pulling a wire at 
the shelter, a counterweight 
serving to return the lever to 
its initial position. It had 
been planned originally to ob- 
serve the steam pressure and 
water-level by means of water- 
glasses and gages located 
within the shelter, but the 
possibility of errors appearing 
in apparatus extended so far from the boilers resulted in a determination 
to take these readings from apparatus immediately affixed to the boiler. 
To make this possible two small telescopes were mounted on the top of the 
operating shelter, by the use of which observers could read with greatest 
ease the graduations and figures on the steam-gage, and observe accurately 
the level of the water in the water-glass. One of these glasses is to be seen 
in Fig. 70, and the instruments to be observed in Figs. 74 and 75. 

83. Elaborate provisions were made for the comfort and conven- 
ience of oflScial guests. Upon the hillside above and to the rear and at 
a distance of 600 feet from the nearest boiler, a pavilion (Fig. 76) was 
erected having seats under roof for 300 guests. A telephone connected 
the guests' pavilion with the operating shelter, and a large display board 
was erected to serve in keeping the guests at all times informed as to the 
steam pressure and the water-level within the boiler under test. Adja- 
cent to the guests' pavilion was a refreshment booth from which lunch 
could be served to guests arriving by morning trains. A specially con- 



Fig. 73. — Draft regulator for controlling the steam 
flow tlirough exhaust-pipe of boiler during 
low-water test. By means of wires the draft 
could be controlled from the operating shelter. 
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structed shelter for the accommodation of a moving-picture machine was 
located on the hillside at a distance of approximately 300 feet from the 
boilers. The opposite side of the valley, at distances from the boilers of 
1,500 feet or more, supplied an abundance of room for those citizens of 
the town and vicinity who might desire to witness the tests. Provisions 
were made for effectively policing the limits of the testing-ground as thus 
defined. 

84. Thursday, the 30th of June, the day set for the tests, was ushered 
in under a clear sky. The boilers which in anticipation of the day had, 
after careful internal and external inspection, been declared clean and in 
perfect order, were early under steam. Guests arriving in the middle of 
the forenoon were given an opportunity to see all parts of the testing plant, 
and later by the courtesy of Messrs. A. F. and C. L. Huston, were con- 
veyed on a tour of inspection 
through the extensive works of 
the Lukens Iron & Steel Com- 
pany. To facilitate such in- 
spection, a number of mill cars 
were fitted with wooden 
bodies having longitudinal 
seats for the accommodation 
of guests. These cars in trains 
of two or three were moved 
rapidly from point to point 
over the entire works and also 
between the works and the 
boiler-testing ground. Ladies 
accompanying guests were es- 
pecially provided for in the 
mean time at the home of 
Mrs. A. F. Huston. Soon 
after noon the company began 
to assemble in the visitors' 
pavilion, and by one o'clock 
it was filled to overflowing. 
The townspeople lined the op- 
posite bank of the valley and 
all the country-side assumed 
a holiday aspect. The ground 
about the boilers had been 
cleared of all but the expert 

and his immediate assistants. The two boilers which were to be tested 
were both in action. The roar of their exhaust completely drowned the 
sounds which otherwise would have filled the valley. Soon after one 
o'clock a telephone message received at the operating shelter from the 



Fifi. 74. — Photograph of boiler liead of Jacobs- 
Shupert boiler, showing special water gage- 
glasse.s and gage-boards for indicating the 
water-leve! in boiler during low-water tests. 
Reading:^ were made from shelter by means 
of telescopes. 
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visitors' pavilion announced the arrival of the last train bearing invited 
guests. The fire under the radial-stay boiler was immediately 
suppressed and the steam blast was shut off. The Jaeobs-Shupert 
boiler, the first to be tested, was brought under conditions which had 
been carefully predetermined. The valve controlling the discharge 
of steam from the exhaust tip was carefully adjusted until the draft- 
gage connecting with the front-end indicated 6 inches of water. The 
oil supplied the fire was next adjusted to give as heavy a fire as could be 
sustained by this draft without black smoke. Preliminarj' tests had shown 

that this condition of draft 
and fire with the boiler in 
question could be relied upon 
to evaporate approximately 
30,000 pounds of water per 
hour, or 10 pounds of water 
per foot of heating-surface per 
hour. This condition is not 
the maximum to which the 
boiler could be forced, but was 
accepted as representing that 
which under road conditions 
would be regarded as a heavy 
normal load. Upon the report 
from the attendants that the 
predetermined conditions had 
been secured, a committee of 
three engineers consisting of 
Mr. Charles Ducas, Mr. J. F. 
Butler, and Mr. P. C. Halde- 
man were requested to inspect 
carefully the boiler as it was 
then operating and to report 
to the undersigned whether all 
conditions were in accordance 
with the program. After eight 
or ten minutes this committee 
returned to the shelter, report- 
ing that all conditions, including the draft, the^fire, the water-level, the 
steam pressure, etc., were as stated, whereupon it was announced from 
the shelter that the tests would begin. 

85. The organization at the shelter was as follows: 



Fig. 75. ^Photograph of boiler head of radial- 
stay boiler showing special water gage-glasses 
and gage-boards for indicating the water- 
level in boiler during low-water test. Readings 
were made from shelter by means of teleseopes. 



Charles Ducas. Time-keeper. It was Mr. Ducas' part to call out 
a warning and to give a signal at 30-second intervals. Mr. Ducas also 
made the necessary changes in the display boards, which served to indicate 
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to the guests the condition of steam pressure and water-level after each 
observation. 

J. F. Butler. Observer of water-levels and checker of steam-gage 
readings at Telescope A. 

P. C. Haldeman. Observer of gage readings and checker of water- 
levels at Telescope B. 

A. M. Baird. Assistant in immediate charge of boiler operation. 

H. S. Coleman. Log keeper. 

W. Seachrist. Valve operator within the shelter. 

W. F. M. Goss. Expert in charge. 

86. The test of the Jacobs-Shupert boiler began at 1.48 p.m. Upon 
signal from the time-keeper, observations were reported and noted upon 
the log in the following order: 

(a) Water-level 

(6) Steam pressure 

(r) Number of pops blowing. 

After these entries were complete, the check readings were announced. 
By observing this order of procedure there was never confusion, though 
the time interval between observations was short. The expert in charge 
had before him a plotted diagram with the 30-second intervals marked off 
as abscissae, and upon which he noted the water-levels as ordinates so 
that the historj' of the tests at any particular moment was completely 
under his eye. AU changes in the setting of valves was in response to ver- 
bal direction from the expert in charge. The procedure thus described 
was persisted in without interruption until the test was terminated. The 
water left the crown-sheet at 1.49'/u p.m., and its level steadily declined 
for 34% minutes when it had fallen to the bottom of the special water- 
glass 25Vj inches below the crown-sheet. The steaming capacity of the 
boiler declined as the water-level fell. In the beginning, besides the steam 
passing out of the exhaust pipe, a large volume was discharged by the 
safety-valves, but with the fall of water-level the amounts thus discharged 
diminished until the valves ceased to open. The pressure then declined, 
the blast became less effective, the draft weakened, and the fire became 
smoky. Twice the throttle opening was increased to stimulate the draft, 
but the pressure ran down the more rapidly. Fifty-five minutes after 
the beginning of the test upon the Jacobs-Shupert boiler, the water-level 
had fallen to a point where the barrel of the boiler was less than one-fourth 
filled, and the capacity of the boiler to generate steam had so diminished 
that the draft conditions with which the test started could no longer be 
maintained. The oil supply had not been changed and an enormous cloud of 
black smoke issued from the stack. When the steam pressure had fallen 
to 50 pounds, the low-water test of the Jacobs-Shupert boiler was ended. 
It had been boiled nearly dry and no failure had occurred. 

87. Immediately upon the termination of the test of the Jacobs- 
Shupert boiler, fire was restarted under the radial-stay boiler. Approxi- 
mately half an hour was required in which to bring this boiler to a condi- 
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tion of operation identical with that which defined the operation of the 
Jacobs-Shupert boiler. The conditions when secured were announced, 
the test was started, and the record kept in precisely the same way as had 
been previously done. When the water had fallen in the water-glass to 
a point which was 14'/- inches below the crown-sheet, 17% minutes after 
the water had fallen to the level of the crown-sheet, the spectators heard 
above the steady roar of the exhaust a loud report and saw a great cloud 



Fig. 76. — The guests' pavilion erected on the hillside about 600 feet from nearest boiler 
and some of the 500 guests. Telephone communication with operating shelter and 
the display board served to keep the guests informed at all times of conditions in 
the boilers. 



of steam, rolling out in all directions from the neighborhood of the mud- 
ring, quickly envelop the entire boiler and its immediate surroundings. 
Every one understood that the test of the radial-stay boiler under low- 
water conditions was over and that the boiler had failed. 

88. Among those who witnessed the tests as invited guests were many 
distinguished practising and consulting engineers, railway officials, college 
professors and scientists, a committee formally appointed by the Master 
Boiler Makers' Association, and others having interest in the event. 
Those from the City of Coatesville and vicinity, who occupied positions 
of advantage along the opposite side of the valley, were estimated by 
the newspaj>ers of the city as from eight to ten thousand. 

89. The arrangements incidental to the reception of special guests, 
the policing of the grounds, and the handling of the crowd were all under 
the immediate direction of the officers of the Jacobs-Shupert United States 
Firebox Company and of the Lukens Iron & Steel Company. 
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90. A detailed study of the tests supplies a more accurate definition 
of what occurred. A copy of the log of the test of the Jacobs-Shupert 
boiler is presented herewith as Table 4, and a copy of the log of the test of 
the radial-stay boiler as Table 5. Prior to the beginning of the tests, a 
tentative curve showing a proposed rate at which the water-level should 
be allowed to decline was drawn, and an attempt to parallel this curve in 
the actual test led to the feeding of both boilers for brief intervals in the 
early part of the test. It soon became apparent, however, that the actual 
curve would run above the assumed curve, and consequently no feeding 
was employed except in the early part of the test. In the Jacobs-Shupert 
boiler the feed was on for a total of 1]/^ minutes during the first 5 minutes 
of the test, after which the whole process was simply one of boiling away 
the water contained by the boiler. In the radial-stay boiler the feed was 
on 2 minutes during the first 7 minutes of the test only. The fall of the 
water-level in both boilers is shown graphically by Fig. 77. In the execu- 
tion of the tests, the main purpose was to secure a rate of fall in the water- 
level which should be substantially the same for both boilers. The degree 
of success in meeting these requirements is well shown by Fig, 77. This 
figure also shows the steam pressure for both boilers throughout the tests. 
It will be seen that both boilers lost water at substantially the same rate 
for the first 22J/^ minutes of the test. At the end of this time, the radial- 
stay boiler had failed, but the Jacobs-Shupert boiler continued in opera- . 
tion without diminution in the amount of oil burned for 30j^ minutes 
longer. The radial-stay boiler failed in less than 18 minutes after the 
water was observed at the crown-sheet level. The Jacobs-Shupert boiler 
was operated 53 minutes after the water was observed at the crown-sheet 
level. 

91. The water-levels entered upon the logs Tables 4 and 5 are those 
actually observed from the water-glass attached to the back-head of the 
boiler. The water column in the water-glass, however, was presumably 
heavier than the mixture of water and steam within the boiler, and conse- 
quently the surface of the water inside of the boiler must have been some- 
what higher than the level observed upon the glass outside. The differ- 
ence between the observed and the actual water-level within the boiler is 
not easily estimated, and no attempt has been made to establish the actual 
water level within the boiler, except as it w^as made apparent at the close 
of the test by the color effects upon the heating-surface. It should be 
clear, however, that the surface of the water within the boiler did not fall 
below the level of the crown-sheet at the instant which the observations 
indicate, and that the actual decline in the boiler for all portions of the 
test lagged a little behind the record of the observed results. 

92. Many of those who witnessed the tests received the impression 
that the Jacobs-Shupert boiler did not steam as freely as the radial-stay 
boiler. Two causes operated to give rise to such an impression: First, 
it is true that during the first 6 minutes of the test of the Jacobs-Shupert 
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Log of Boiler Conditioiu During Test 
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LOW WATER TESTS-SERIES C (Continued) 
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LOW WATER TESTS-SERIES C 

Log of Boiler CinditHHis During Te*t 

RADIAL-STAY BOILER 



INTERVAU) 



3.33 r.u. 




a5i" Above 


a.x'A 




8X" •■ 


3.86 




««" ■■ 


s.mm 




«" ■■ 


3.37 




«" ■■ 


S.SJii 


.... 


l)i" ■■ 


3.88 




IX" ■■ 


3.88)i 




U4" " 


3.39 




K" ■■ 


3.3«M 




K" ■■ 


3.40 


"'A 


K "If 


S.WK 






3.41 


"ly. 


IK" • 


s.iJK 




IX" " 


3.4! 


2Ji 


IK" " 


3.48H 




2 " " 


3.43 


3X 


!M" " 


S.4SX 




!H" " 


3.44 


4!i 


8 " " 


3.44M 




w ■■ 


3.43 


'5K 


SM" " 


S45H 


.... 


4)i" " 


8.46 


o« 


4H" " 


3.M<A 


.... 


5 " '• 


3.47 


7M 


5)4" " 


S.47« 




6 " ■• 


3.48 


SK 


»H" ■■ 


s.4«H 




7 " ■• 


3.4I> 


'oii 


7M" •■ 


S.49H 




7«" - 


8.50 


io>i 


8 " ■■ 


3MK 




8}i" ■• 


3. SI 


11« 


8M" ■■ 


3.51M 




Bk" ■• 


s.se 


iiji 


9 " '• 


S.SiH 




m" •■ 


3.53 


13X 


10 " " 


3.33^ 




im" •• 


3.34 


14Ji 


11 " " 


5.54H 




llH" ■• 


8.53 


15K 


IW ■■ 


3.53M 




\t%" ■■ 


3.58 


lo« 


IS " " 


s.stH 




ISH" •• 


3.57 


17« 


14K" " 


a.siy. 




14(4" " 


8.57« 


IS 


Boiler Failed 



y Google 



LOW-WATER TESTS AND THEIR RESULTS 







































































































































































% 


\ 




























































' 


^Croji-n 


Sh 


eel Leve 






































^ 
























































A 
























































^ 


N. 


R 


\diaL S 


T 


\r 


B 


~IJ 


,E 


^ 






























t 






vj 


















































to 








\ 


\ 














































a 










\ 












































1( 


S 












^ 






















































I 










































- 


-i 












^ 




















































k 












































o 


row 


nS 


hevtF 


nUlai 


, 








































^ 
















\ 




lA 


CO 


Bf 


■S 


HI 


P] 


:r 


tl 





LI 


:r 
















a 


















' 
























































\ 




































20 






















1 




















































s 


































- 


!? 






















s 










































































































N 




T^ 




tp 


Mi 






w 




G 




e 


































V 


















































































































\ 


























^ 










R 


4B 


L\ 


L 


T 


Vi 


B 


0! 


uE 


a 




s. 


























yt. 




^ 


^ 


— 


— 


— > 




















































" 


^^yy^ 


N 










\ 






















, 


^ 


















»-• 


^ 








\ 




















16 


„ = 


, 


A 


O 


BS 


ST 


IT 


rem BpiLEB^ 


s 






\ 




















«^ 
















T 








V 






\ 




















■ 


>■ 


































s 


















3 






























s 






\ 


Pr 


oba 


rS 


Watp 


U.M 




































\ 




•v 


85 


bplc.«' Crow 








































V 






1 






4C 


a 






































s, 
































Ti 






M 




te 
























1 


1 









20 






30 




* 








•0 






60 






* 



Fig. 77. — Water-levels and steam pressures in boilers during low-water tests. 
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boiler, the excess of steam generated over that required to produce the 
draft was successfully discharged by two safety-valves, whereas through- 
out the corresponding period the three safety-valves of the radial-stay 
boiler were always open. An explanation of this action is to be found in 
the fact that the Jacobs-Shupert boiler was not so well supplied with water 
at the start, and as shown by the record was fed liberally during the first 




Fig. 78. — Calibration of Jacobs-Shupert boiler, showing water capacity at various le\'els. 

•few minutes of the test. Second, another condition which influenced the 
spectator grew out of the fact that the test of the Jacobs-Shupert boiler 
endured for 32j^ minutes longer than that of the radial-stay boiler. The 
spectator was naturally more impressed by the conditions prevailing dur- 
ing the last half hour of the test than by those prevailing during the earlier 
portions thereof. He knew that the water-level was steadily receding, 
failure seemed imminent, and he was in the attitude of expectancy. His 
condition of mind and the fact that during this interval the quantity of 
steam discharged steadily declined, accounts for the impression referred 
to. Such an impression so far as it has reference to that portion of the 
test of the Jacobs-Shupert boiler which is comparable with the entire 
period of endurance of the radial-stay boiler finds no justification in the 
records of the tests. 

93. The fact that after nearly a half hour of operation without feed, 
the delivery of steam from the Jacobs-Shupert boiler diminished as the 
test proceeded is to be accounted for in several ways: First, as the healing- 
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surface of the boiler became bared, its evaporative capacity 
diminished; second, with heating-surface bare, the steam delivered became 
superheated and the safety-valves were called upon to handle a reduced 
weight of steam, each pound of which carried away an increasing amount 
of heat; third, as the heating-surface became bare, the heat of the furnace 
was in part absorbed in raising the temperature of the metal of the boiler, 
not only the firebox and the tubes, but indirectly through the increased 
temperature of the steam within the boiler, the shell, and all parts to 
which the steam had access. Heat could not be taken from the firebox 
to raise the temperature of the steam and to increase the temperature of 
metallic parts of the boiler and at the same time evaporate as much water 
as was possible before these new avenues of heat absorption appeared. 
The working out of this process and the fact that the test of the Jacobs- 
Shupert boiler proceeded until 78 per cent, of the water it contained had 
been evaporated, explains the significance of the observed action. 

94. As already stated, it was the purpose in the case of each boiler to 
start under conditions which would insure the evaporation of approxi- 
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Fig. 79, — Catibratioc of radial -stay ^boiler, showing water capacity at various levels. 



mately lOjpounds of water per foot of heating-surface per hour. This is 
equivalent to a total of 30,000 pounds per hour. It has just been shown 
that at whatever rate the boilers may have been started, the output in the 
form of water evaporated must have steadily declined as the test pro- 
ceeded. It would be interesting to know what was the rate of this 
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decline. Data for such an inquiry are supplied by the known weight of 
water contained by the boiler for every surface-level and the observed 
rate at which the surface-level receded. An attempt to make use of these 
data leads to inconsistencies resulting, no doubt, from unavoidable errors 
in observation caused by the surging of the water in the gage-glass. But 
however inaccurate, the results of such an investigation are not without 
interest, and brief reference may therefore be made to them. 

95. The calibrated water capacity of the Jacobs-Shupert boiler is 
given by the lower curve of Fig. 78, and that of the radial-stay boiler by 
the lower curve of Fig. 79. The curves are practically the same for both 
boilers. The rate of fall in water-level during the low-w^ater test is 
recorded in the logs of the tests Tables 4 and 5. From facts thus avail- 
able, computations have been made as follows-: 

96. Concerning Rate of Evaporation, Jacobs-Shupert Boiler: 
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2:18 to 8:83 


1.32S 


15,»00 



The boiler feed-valve was open during one-half of the first interval 
embraced by those computations. The weight of water fed, if it were 
known, should be added to the value given in the second column. It is 
known that the rate of feed more than equaled the rate of evaporation 
so that the actual rate of evaporation during this interval must have been 
more than double 15,600 pounds. At 2:23.5 the water passed below the 
bottom of the gage-glass which was 25.5 inches below the crown-sheet. 
The calibration curve (Fig. 78) shows that there was then a little -more 
than 10,000 pounds of water in the boiler, which when filled to the middle 
gage-cock, contains 30,000 pounds. 

97. Concerning Rate of Evaporation, Radial-stay Boiler: 



10,800 
81.600 

2i.eoo 

26,400 
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Fig. 80. — Photograph of Jacobs-Shu pert firebox after low-water test, showing brick arch 
in place and in perfect condition. The light spot on flue-sheet at center of crown-sheet 
is the visible record of the only leak observed in the firebox after the test. 



Fig, 81, — The center portion of the Jacobs-Shupert firebox after the low-water test. The 
sections shown in the photograph received the most severe overheating and were badiy 
scaled and discolored. The line of demarcation is seen clearly on the right side-sheet. 
99 
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It will be seen that the values deduced for the first two intervals are 
aflfected by the introduction o( feed-water. The weight of water fed 
should, of course, be added to the value in the second column. At 3:573^ 
the boiler failed. It contained at the time of failure something more than 
14,000 pounds of water. 

98. The conclusion of the low-water test as applied to the Jacobs- 
Shupert boiler found that boiler undisturbed and apparently ready for 
service. After having boiled nearly dry, when its steam pressure had 
fallen to 50 pounds, the test was terminated by shutting off the blast and 




FiQ. Si. — Discoloration of firebox sheets from overheating — -Jacobs-Shupert boiler. Sec- 
tion through firebox section No. 5. 

the fuel supply. An hour later, after the test of the radial-stay boiler had 
been completed, an inspection, through the door of the Jacobs-Shupert 
boiler, disclosed portions of the brick arch still sufficiently heated to glow. 
A description of a detailed inspection of this boiler which was made later 
is as follows: 

99. The Jacobs-Shupert firebox, as photographed through the door 
after the test, is shown by Figs. 80 and 81. In both of these views the 
brick arch is seen to be wholly undisturbed and in perfect condition. 
Later, this arch was removed and the boiler was turned on its side to 
facilitate inspection. When in this position, the photographs shown by 
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Figs. 83 and 84 were taken. A well-defined line of demarcation was 
found to run around the firebox approximately 34 inches below the stay- 
sheet calking line in the crown of the firebox. The line presented waves as it 
passed the convolutions of the several sections, its maximum and minimum 
limits being those shown by Fig. 84. Portions of the sections below this 
line were soot covered and normal in appearance. Higher up and in more 
exposed portions of the firebox the sections had the color and appearance 
of freshly heated steel. The more highly heated portions were flecked 



Fig, 83. — View of fonvard portion of Jacobs-Shupert firebox after low-water test, showing 
first five sections and flue-sheet. Above the line of demarcation the steel is of dark 
blue color, and the surface sca]e<) from intense o^-erheating. The blue shades off into 
reddish brown, and lower down into sooty black. 

with scales, resulting from oxidation (Fig. 81). Between the portions 
which were soot covered and those which bore the appearance of freshly 
heated steel was a belt approximately 5 inches in width which was gen- 
erally reddish brown in color shading off into the black which was below 
and into the freshly heated steel above (Fig. 82). 

100. The firebox was made up of eleven sections. A critical examina- 
tion of these, taking them in order beginning with the forward section, 
resulted as follows : The first section was found to show the color of newly 
heated steel on the curved portion, the effect being most striking on the 
lower side (Fig. 83). This color did not anywhere extend entirely around 
to the stay-sheet. A few scales of oxidation only were found on this 
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section. The five successive sections, all of which appear in Fig. 83, were 
found to be similar except that each succeeding section bore evidence of 
increased heating effects. The hottest sections in the whole boiler were 
five and six, and these sections, as well as section seven, gave evidence of 
having been highly heated on the sides as well as in the crown. Sections 
five and six were thickly covered with scale (Fig. 81). Section eight was 
found to have only a portion of its area the color of newly heated steel, 
and sections nine, ten, and eleven were found to be, within the heated zone, 
entirely of the reddish brown color (Fig. 84). 

101. Those most affected disclosed a curvature which drops one-half 
inch more than that which was originally given them. The change in 
contour, while not entirely regular, disclosed no evidence of a disposition 
to develop pockets or to local failure by blowing out. The final contours 
of the section were accurately outlined by means of templets made from 



Fig. 84. — Rear portion of the Jacobs-Shupert firebox after low-water test. Discoloration 
of last four sections and door-sheet from overheating is clearly shown. 

the sheets. Facsimiles of these templets are shown for all eleven sections 
in Figs. 85 to 95 inclusive. In these figures the side contours were taken 
24 inches on either side of the center fine of the firebox. It is note- 
worthy that, notwithstanding the high temperature to which this firebox 
was subjected, the color of newly heated metal nowhere extends around 
the section to a stay-sheet, nor was there any point on the calking edge of 
the stay-sheet which had been heated beyond that temperature which 
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results in the reddish brown color. Nothing in the appearance of the sec- 
tions or of the stay-sheets indicated the presence of the least leak through 
the crown. 

101a. The back tube-sheet as shown in Fig. 83 was found to disclose 
a clearly defined water-line, which is 31j^ inches below the crown. The 
color of the greater portion of the area of this sheet is that of freshly 
heated metal. For two or three inches above the clearly defined water- 
line and for six or more inches around the edges of the sheet it was red- 
dish brown. The tube-sheet was found to retain very nearly its original 
shape. On either side of the center and near the middle of the heated 
zone, where jn the design of the boiler there is a considerable area unsup- 
ported by tubes, the plate was bulged to the extent of one-fourth inch. At 
the crown of the tube-sheet, as shown by Figs. 80 and 83, a small leak had 
developed. The joint at this point is made by riveting the first section 
of the firebox to the tube-sheet with a copper calking strip between. It 
is at the crown of this joint that the evidence of the leak appears. This 
leak, the only one to be found in the firebox, was slight. It could not have 
interfered with the normal operation of the boiler. 

1016. Within the highly heated area of the tube-sheet, shown in Fig. 
83, are 188 tubes. Naturally the upper tubes were most affected by the 
heat to which they were exposed. Four of the tubes w^ere found to have 
collapsed just inside of the tube-sheet, 14 others, making 18 altogether, 
were found pulled apart inside of the sheet. The weld between the tube 
and the sheet was not disturbed in any case. It is probable that, 
except in the case of those which collapsed, the actual rupture of these 
various tubes occurred in the process of cooling after the test had been 
finished. All other tubes were intact so far as their contact with the 
back tube-sheet is concerned. All those within the heated zone were found 
deflected downward, the deflection varying from a comparatively small 
amount to an amount equal to the diameter of the tubes. The tubes 
which at the conclusion of the test were below the water-line remained in 
their original straight condition. 

102. The door-sheet of the firebox (Fig. 84) was not greatly affected 
by the conditions imposed by the test. No distinctly marked water-line 
appears upon this sheet, though the upper portion had the mottled red- 
dish brown and black appearance. There was no distortion of this sheet 
and no evidence of leaking stay-bolts. 

103. The arch tubes (Figs. 80 and 81) were not disturbed or affected 
by the test, and the arch at the conclusion of the test was, as already 
noted, in perfect condition. The mottled appearance of the arch tubes 
in some of the photographs results from a disturbance of the soot which 
covered them. 

104. A review of these conditions discloses the fact that so far as the 
firebox construction is concerned, the boiler at the conclusion of the test 
was in condition for operation. 
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Fig, 85. — Change in contour of firebox sections as a result of exposure 
during low-water tests. . 

lllunratloae are about slx-tentbs full ilEe. 




FiQ. 86. — Change in contour of firebox sections as a result of exposure 
during low-water tests. 



IlluBtrtitloDi are about (Ix-tcnlha full size. 
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^ Orig-liiul Contour 



Fig. 87. — Change in contour of firebox sections &s a result of exposure 
during low-water tests. 



IIIUBlrktlons tie kbout six-tenths ruU site. 




Fia. 88. — Change in contour of firebox sections as a result of exposure 

during low-water tests. 

IlliHtrstlons aro about gin-tenths full aJio. 

105 
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Pig. 89. — Change in contour of firebox sections as a result of exposure 

during low-water tests. 

lUUBtraUoiu ftre *bou( slx-lentJi* full ilze. 




Fig. 90. — Change in contour of firebox sections as a result of exposure 

during low-water tests. 

niutCmUoiu ue Kbout sLi-MTitlu full size. 
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FiQ. 01. — Change in contour of firebox sections as a result of exposure 

during low-water tests. 

lUmtratloiu ore tboM atx-tenthg full alie. 




Via. 9i. — Change in contour of firebox sections as a result of exposure 
during low-water testa. 



niuitratloDi are kbout dx-teaUu Ti 
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Fia. 93. — Change in contour of firebox sections as a result of exposure 

during low-water tests. 

lUmtntloiii tre about ili-tmiUii full siw. 




Fio. 94.~~Cbange in contour of firebox sections as a result of exposure 

during low-water tests. 

Illuatnttom uv about Blx-tentlu full siie. 
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Fig. 95.— Change in contour of firebox sections as a result of exposure 
during low-water tests, 

IlluatrBtlonH are about iIi-MnthB full alte. 

105. The radial-stay boiler failed under the low-water test. Its 
appearance at the moment of failure is shown by Fig. 96. The force of 
the explosion was sufficient to raise the rear of the boiler, to blow out the 
tile brick arch, to blow out the cast-iron pedestals, to disrupt the brick- 
work under the boiler, and to scatter fragments of all of these over an 
area a hundred feet or more in radius. The diagram (Fig. 97) and the 
photographs (Figs. 98 and 99) show well the distribution of debris. The 
boiler itself was lifted from its foundation and was moved forward a dis- 
tance of about 8 inches, the rear swinging to the right, as shown by Figs. 
100 and 101. As the front-end of the boiler slid forward on the support 
under the barrel, an extra heavy blow-off pipe was sheared. 

106. The radial-stay boiler failed by the pocketing of a considerable 
section of the crown of the boiler (Fig. 102). This section embraces 188 
crown-stays and stay-bolts. The button-headed stays failed by the stays 
breaking inside of the sheet and the flat -headed stays pulled through the 
sheet. The length of the damaged portion as measured longitudinally 
extends from the first row of stays, counting from the front-end of the 
firebox to the twenty-first row. In the first row the sheet pulled away 
from a single stay and in the twenty-first row from three stays. A plan 
of the crown-sheet and a profile of the pocket, the formation of which 
resulted in failure, are shown by Fig. 103. The sheet itself was found 
not to have ruptured or cracked, and, so far as could be determined, no 
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button-headed stay pulled through the sheet, though the holes in the sheet 
(Fig. 104) are in many cases considerably elongated in direction of the 
maximum movement of the plate. The contents of the boiler were dis- 
charged through the openings vacated by the stay-bolts, the aggregate 
area of which has been found to be approximately 186 square inches. 

107. A considerable portion of the undisturbed area of the crown of 
the firebox was found to be mottled blue and black, giving evidence of 
some scaling from the effects of heat. The brightness of the color, how- 
ever, had been affected by the discharge of steam from the firebox. The 
button heads of the undisturbed stays in the vicinity of the pocketed sec- 



FiG. 98.— The radial-stay boiler at the moment of failure. Escaping steam and water 
through the ruptured crown-sheet mingled with the smolce from the stack and formed 
a cloud several hundred feet in height completely enveloping its surroundings. 

tion showed the same variegated blue, black and white. This effect, 
however, was practically confined to the zone occupied by the button- 
headed rivets and to the forward two-thirds of that zone. There was a 
slight change in the superficial color of the plate between the eighth and 
ninth row of stays on the left-hand side of the boiler, suggesting that below 
the ninth row of stays the effect of overheating was nil. 

108. Both side-sheets with their staying were in perfect condition, no 
evidence of leaking stay-bolts appearing. 

109. The door-sheet with its stays was found in perfect condition. 

110. The tube-sheet was found in perfect form and the tubes appeared 
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to be as secure as when originally welded thereto. Only a few tubes, 
variously estimated from nine to eighteen in number, seemed from their 
color to have been involved by the overheating. No tube was found 
which had been sufficiently heated to sag. The very small portion of the 
tube-sheet which was overheated may be seen from Fig. 104. 

111. The arch tubes had been forced somewhat downward by the 
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S. H Pig IroD (leaned against door) 16. OH Boiler Piping 

Fig. 97. — Diagram showing distribution of debris by explosion of radial-stay[boiler. 

discharge of steam from the crown-sheet (Fig. 105), and the right-hand 
tube had been distorted sufficiently to develop a leak in the tube-sheet. 

112. The simple character of the failure of the radial-stay boiler per- 
mits our interest in the design and in the characteristics of the materials 
used in working out the design to be centered upon two things. These 
are the crown-sheet and the radia! stays. The crown-sheet was manu- 
factured by the Lukens Iron & Steel Company. A sample for test cut 
from this sheet and examined prior to the construction of the boiler gave 
the following characteristics : 
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Fig. !)8. — ^Photograph showing the radial-stay boiler after the low-water test and the dis- 
tnbution of debris over a radius of 150 feet. 



Fig, 09. — Another view of the radial-stay boiler after the low-water tests, showing effects 
of the explosion. 
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Fig. 100. — The radial-stay boiler after the low-water test. The explosion caused a for- 
ward movement of eight inches and a side movement of eighteen inches, the rear end 
swinging to the right on the front support as a pivot. 



Fig. 101. — Another view of the radial-stay boiler after the low-water test, .showing final 
position of boiler after its failure. In the foreground will .be observed the supporting 
pedestab, one of which was broken- 
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Mark N 1957 

Ultimate strength, pounds per square inch 56,970 

Elongation, per cent ^ . 00 

Carbon, per cent .16 

Manganese, per cent .42 

Phasphoru.s, [)er cent .02 

Sulphur, per cent .024 

The fact that this sheet in coming down did not crack is in itself evidence 
of the high quahty of the material. 

113. The dimensions and design of the radial stays are shown by 



Fig. 102. — Photograph of radial-stay boiler, after low-water test, showing the failed crown- 
sheet. A large pocket wa-s formed in the forward right side of the crown-sheet, the 
sheet pulling away from 188 crown-stay.s and stay-bolts. The button-head stays 
failed hy heads breaking inside of sheet and the flat-headed stay.s pulled through the 
sheet. 

Fig. 106. These stays were manufactured of Taylor stay-bolt iron and 
the record of the tests is as follows: 

Mark Taylor stay-bolt 

Diameter 1.003 

Area .790 

Breaking strength, pounds 38,200 

■ Stress per .square inch 48,400 

Original length, inches 8 . 

Length after breaking, inches 10. 72 

Elongation, per cent 34.00 

114. These statements will suffice to show that in the selection ot 
materials and in working out the construction, the radial-stay boiler was 
not inferior to the highest standards prevailing in such matters. The fact 
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—Plan and profiles of [Mjcket in crown-sheet of radial-stay boiler. 
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Fig. 104. — A close view of the pocket formed in crown-sheet of radial-stay boiler in the 
low-water tests. The sheet was not cracked or ruptured, and the tube, side and door- 
sheets were uninjured, all ot which is conclusive evidence of the high quality of material 
and workmanship entering into the construction of this boiler. 



FiQ. 105.— Photograph of radial-stay boiler after low-water test, showing pocket in crown- 
sheet. The arch tubes were disturbed and forced downward. 
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that the failure of the boiler was not more disastrous is to be accounted 
for in the superior character of the materials and workmanship employed 
in its construction. 

115. The preceding description of the breaking down of the radial- 
stay firebox is significant in that it confirms the experience in practice on 
the road. The firebox tested was new; there was no accumulation of 
scale upon it. It had not been weakened by strains induced by long 

Crown Bars 




Fig. 106. — Crown bars, crown bolts and radial stays used in radial-stay boiler. 

service, and it had every chance to present the maximum resistance to 
failure to be expected of that type of construction which it represents. 
The facts show, however, that when, through the receding of the water- 
level, the heated zone had extended downward sufficiently to include the 
upper portion of the crown and to take in only the upper rows of the 
tubes, this firebox, new and in perfect condition, possessing material 
advantage over the average radial-stay firebox in service, failed. 
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XII. Some Facts with Reference to the 

Circulation of Water in 

Locomotive Boilers 

116. The motion of the water within a locomotive boiler in response 
to the energy transmitted to it in the form of heat, is known to have an 
important bearing on the up-keep and life of the boiler. It is known also 
that the water always rises from the heating-surface, and that upward 
currents thus stimulated must be compensated for by downward currents 
in other portions of the boiler. But the downward currents are secondary 
and are probably less stable and less direct than the initial currents which 
rise. In the complicated passages of a locomotive boiler, these secondary 
currents may take various directions and move with various velocities. 
Their strength and direction have been the subject of much loose 
speculation. 

117. It has been urged, for example, that the presence of the stay- 
sheets which enter into the construction of the Jacobs-Shupert boiler, 
retards the circulation, and that they are, therefore, objectionable. Such 
an objection must be based upon the assumption that the stay-sheet is 
deficient in the openings it presents as channels for the fore and aft move- 
ment of water, and as these openings possess considerable area, it must 
be assumed also that the fore and aft currents are tremendously vigorous. 
Each of these assumptions is susceptible of rather careful examination. 

118. The stay-sheet of a Jacobs-Shupert boiler consists of a com- 
paratively thin plate extending from the firebox to the shell of the boiler. 
From the mud-ring upward it is pierced at regular intervals with ports 
which are approximately 3 inches square. The bridge between the ports 
is normally 3.5 inches in width. Actual dimensions taken from the stay- 
sheet of the Jacobs-Shupert boiler which was tested, show the port loca- 
tion and area to be as follows: 

1, center 2 . 0" above mud-ring, area ll.Osq.in. 



■ •■ «, 


D.O" 




■ ■• 3, 


* 15.5" 




■ " 4, 


' M.O" 




■ " 5. 


• «8.5" 




• '■ 6, 


• 35.0" 




• ■• 7. 


• 11.5" 




* *■ 8, 


• 48.0" 




■ ■■ 9, 


• 54.5" 




■ ■■ 10, 


■ 6«.5" 




' " 11, 


' 68.7" 




Portarea in water-leg oi 


one side 



Total area of ports in water space of boiler 223.6 ' 
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These ports are entirely in the water space. Above them are others 
much larger which are in both the water and steam space. Assuming, 
then, that vigorous longitudinal currents are to be provided for in the 
water-leg of a locomotive boiler, the design in question provides a portage 
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Radial-Stay Boiler. Jacobs-Shupert Boiler. 

Fig. 107, — Horizontal section of water-leg of radial-stay and Jacobs-Shu pert boilers. 




Radial-SUy Bmler. 



Jacobs-Shupert Boiler. 



Fig. 108. — Vertical section of water-leg of radial-stay and Jacobs-Shupert boilers. 

which, under a head as small as a hundredth of a foot, will suffice to pass a 
volume of water equal to that contained by the boiler in about 70 seconds. 
119. A discussion of this question so far as it relates to the Jacobs- 
Shupert boiler, usually leads to comparisons between that type of boiler 
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and the radial-stay type, and the fact that in the radial-stay boiler there 
are obstructions to the fore and aft movement of water is often neglected. 
It may be that thickly-set stay-bolts impede the free fore and aft move- 
ment of water as much as stay-sheets. The clear space between the stay- 
bolts is greater than the port openings in the stay-sheets, but there are 
two and a quarter courses of stay-bolts where there is one stay-sheet. 
Fig. 107 presents a horizontal section 
of the water-leg of the two types of 
boilers. It shows in plan the ob- 
structions which in each type of boiler 
impede the horizontal movement of 
water. Fig. 108 presents a similar 
comparison of vertical sections. While 
it is clear that the largest openings 
are in the radial-stay boiler, the 
differences are not great. This state- 
ment is emphasized by a comparison 
of photographic views of actual boilers 
(Figs. 38 and 41). 

120. Thus far the argument has 
been addressed to those who insist 

upon the presence in the water-leg of Fig- 10!).— Crown-sheet of Jarobs-Shupert 
tu I, :i„ t t ««.. „., «i^ .„«»-, boiler, .showine smooth, unobstructed, 

the boiler of strong currents more 8„,|y .^^^'.^^^ ,„, ^,„„diiig 

or less horizontal in direction. Leav- currents of water, 

ing this question for a moment, it will 

be of interest to observe the superior advantages presented by the Jacobs- 
Shupert boiler in facilitating the movement of water in a vertical direction. 
The water space about a Jacobs-Shupert firebox presents broad unob- 
structed channels, permitting freedom in the vertical movement of water, 
which have no counterpart in the stay-bolt boiler. Differences in dimen- 
sions are shown by the drawings presented as Fig. 107, which are to scale. 
A better understanding of the excellence of the surface over which the 
ascending currents sweep is given by Fig. 109 which is a view over the 
crown of a firebox section between two stay-sheets. In the radial-stay 
construction, an area similar to that shown would present two rows of 
stay-bolts extending out from the sheet which in the Jacobs-Shupert con- 
struction presents a smooth, unobstructed, finely curved surface. 

121. The paucity of facts available concerning the movement of water 
about the firebox of a locomotive boiler led to an early determination on 
the part of the Jacobs-Shupert company to undertake an experimental 
study of the matter. In the development of its plans the well-known 
consulting engineer, Mr. George L. Fowler, was retained to conduct the 
proposed investigation. Mr. Fowler entered upon the work with enthu- 
siasm. He skilfully devised a method of procedure and he designed and 
secured the construction of special apparatus which he afterward used at 
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Fig. 110. — Diagram showinR velocity of mixture in feet per second in different portions of 
water-leg. 

the testing laboratory in Coatesville. Mr. Fowler assumed the responsi- 
bility for all that he undertook to do and is entitled to all the credit for 
the results achieved. What he did and how he did it is all described in 
his report, a brief summarj' of which is presented in the succeeding para- 
graphs. A complete transcript of Mr. Fowler's report concludes this 
chapter. 

122. In preparation for Mr. Fowler's work, the water-leg, both of the 
Jacobs-Shupert boiler and of the radial-stay boiler, was drilled with fifteen 
holes regularly located at points chosen for exploration. The holes were 
filled when not in use by a 1-inch pipe plug (Fig. 112). It is to be 
regretted that in the time allowed for the work actual observations 
could only be taken at holes 3, 7, 8, and 12 of the Jacobs-Shupert boiler 
and at holes 3, 8, and 12 of the radial-stay boiler. By the methods 
employed by Mr. Fowler, and fully described by him in the report which 
follows, an exploring tube with an opening at right angles to its axis was 
connected with a suitable manometer gage. This tube was inserted at 
the point to be investigated. By turning the exploring tube on its axis 
and observing the indications of its gage, the direction of the flow could 
be ascertained. The tube was inserted through a stuffing-box and its 
initial end could be made to occupy any position along the line of its 
axis between the firebox sheet and the outside sheet of the boiler. The 
results as to direction are shown graphically, and as to velocity, both 
graphically and numerically, by Fig. 110. Concerning the inconsistencies 
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which are here apparent, Mr. Fowler calls attention to the fact that "the 
records of the angle of flow must not be taken as positive or fixed." The 
observations for direction of flow were not taken simultaneously with those 
for velocity. The fact is, as Mr. Fowler himself makes clear, that the 
work he has done is to be accepted only as the beginning of a solution of a 
very complicated problem. 

123. It should be very clear from these statements that no useful 
result will follow an attempt to compare values obtained from the Jacobs- 
Shupert boiler with corresponding values from the radial-stay boiler. 
Neither as to direction nor velocity of flow are the values given absolute 
or comparable. Since ail circulation is in response to the application of 
heat, the velocity of flow and for some points in the boiler, the direction 
also must depend upon the rate of power at which the boiler is operating. 
Since, also, the introduction of cold water must tend to suppress upward 
currents and stimulate downward currents, a full interpretation of any 
set of values must specify whether the injector is in operation or other- 
wise. Observations to determine the precise characteristics of the cir- 
culation, to possess comparative value, must be taken when all of these 
controlling conditions are maintained. Mr. Fowler's observations upon 
the radial-stay boiler were made during the progress of efficiency tests 
Nos. B^05— R, B^06— R, B— 407— R, B— 503— R, the results of 
which are elsewhere reported. His observations on the Jacobs-Shupert 
boiler were made after the boiler had been transferred to the site of the 
low-water tests, where it was especially operated for his work. The fact 
that Mr. Fowler makes no attempt to connect the results he observed with 
the rate of evajxtration or with any other factor which could be accepted 
as a measure of the activity of the process within the boiler, is an indica- 
tion that he regarded the data which it was possible for him to secure in 
the time aUotted, as insufficient for such a purpose. 

124. But notwithstanding the limitations which must be placed about 
them, Mr. Fowler's results constitute a distinct contribution to the sum 
of knowledge and are of tremendous significance. They show, for exam- 
ple, almost a complete absence of any fore and aft movement of the water. 
His conclusion upon this point is as follows: 

"I think that if this matter were to be examined to a finahty, it would 
be found that there is a regular slow movement from front to hack, broken 
throughout the whole course by violent agitation and innumerable cross 
currents, but that in no place are these currents torrential nor is the steam 
movement itself very rapid." 

That is, Mr. Fowler finds no evidence to show that the water at the 
bottom of the boiler is pushing backward and in the upper part forward. 
His observations seem to sustain the very rational assumption that enough 
water passes back from the barrel to the water-legs of the boiler to make 
good that which the firebox evaporates, and no more. Since the firebox 
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evaporates from 30 to 50 per cent, of the water handled by the boiler, a 
similar percentage of the total feed must, in the case of the Jacobs-Shupert 
boiler, find its way through the ports in the forward stay-sheet. Some of 
this water is evaporated before the second stay-sheet is reached. With the 
passage of each section, the backward flow diminishes xmtil at the last 
stay-sheet only enough passes to supply that which the last section 
evaporates. Obviously, an aggregate port area of 1% square feet is quite 
sufficient to pass from 30 to 50 per cent, of the water which the injector 
delivers through a 2-inch or a SVs-inch pipe. 

125. The conclusion that the fore and aft movement of water in a 
locomotive boiler is no greater than is necessary to convey from the front 
of the boiler, where it is delivered, that portion of the feed which is to be 
evaporated by the heating-surface which is farther back, is amply con- 
firmed by the experience gained in running the evaporative tests of Series 
A. It will be remembered that in these tests, both the Jacobs-Shupert 
boiler and the radial-stay boiler were fitted with a water-tight partition, 
absolutely closing off the barrel of the boiler from the firebox end. In 
this case, whatever circulation there was in the barrel could only involve 
barrel water, and whatever circulation there was in the firebox end could 
only involve the water of that end. Obviously, there was no chance here 
for the longitudinal movement of water, and yet, under these conditions, 
not the least difficulty was experienced with either boiler in working the 
rate of evaporation up to more than 10 pounds of water per foot of heat- 
ing-surface per hour, that is, to a rate of power which upon the road 
would be regarded as normal. 

126. All this should make clear the fact that the ports in the stay- 
sheets of the Jacobs-Shupert boiler have a very minor function to per- 
form. Not only are they, as now designed, entirely sufficient, but the 
thermodynamic performance of the boiler could not suffer in any way if 
they were reduced to a small percentage of their present area. 

127. The full report of Mr. George L. Fowler is as follows: 

New York, June 12, 1912. 
Prof. W. F. M. Gosa, Urbana, 111. 

Dear Sir — In accordance with instructions received from you in your 
letter of October 3, 1911, I have made an investigation into the rapidity 
of the circulation of the mass of the liquid at a number of points of each 
of the two boilers which you have been testing for the Jacobs-Shupert 
Firebox Company. 

The apparatus used for this purpose was designed to measure the 
velocity and direction of flow as well as the quality of the mass of the 
liquid at different points of the water-leg of the firebox. It is shown dia- 
grammatically in the accompanying print. The principle of its operation 
is that of measuring the impact of the flow of the mass in the water-leg 
upon the mouth of a Pitot tube, by means of the elevation of a liquid 
heavier than water in a U-tube, and afterward determining the quality of 
the liquid, that is, the proportions of contained water and steam by means 
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of samples led off into a barrel calorimeter. The Pilot tubes were 
inserted in the firebox at the points where it was desired to make the 
measurements, and could be moved to and fro through suitable stuffing 
boxes so that the opening could be placed at any point between the two 
sheets. At the same time it was revolvable so as to be turned to face in 
any direction. The construction of the apparatus in detail was as follows; 
The Pitot tube G (Fig. Ill) was inserted in the water-leg and was con- 
nected by means of the flexible pipe C with the top of a water-glass F. 
From the bottom of the water-glass F another flexible tube B ran to the bot- 
tom of the water-glass E ; while from the top of the water-glass E, a third 
flexible tube, A, ran to a point in the firebox below the water-line. The 
flexible pipe B and the two water-glasses formed a U-tube which was filled 




Fig. 111. — Apparatus for measuring boiler circulation. 



to the center of the glasses with tetrachloride of carbon that was colored red 
and whose specific gravity is exactly 1.6. It was evident that, with connec- 
tions to the boiler as shown, the liquid will stand at the same height in each 
of the two glasses so long as the pressure above the tetrachloride of carbon 
in each leg remains the same, but if the pressure on either leg exceeds that 
of the other, the tetrachloride in the leg of the higher pressure will be cor- 
respondingly depressed. This increase of pressure was secured by turning 
the Pitot tube, and when it faced directly into the stream, it would pro- 
duce the greatest pressure at the top of the glass. F, with a corresptonding 
depression of the tetrachloride in that leg. 

For convenience of entering the boiler fifteen holes were drilled in the 
side of the firebox. They were in three rows, five in a row and nunibered, 
for the sake of identification, as shown in the accompanying print Fig. 112. 
The Pitot tubes were used ; those holes not occupied being plugged. 
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After a reading had been taken, the valve H was closed and the valve 
I opened. This cut the pressure off from the top of the water-glass F, 
and allowed the mixture of steam and water entering the Pitot tube to 
flow into the water partially filling the barrel calorimeter K, when from the 
temperature ranges before and after the admission of the liquid from 
the boiler together with the pressure existing at the time as read from the 
steam gage, it was possible to determine the percentage of steam and 
water entering into the mixture as it existed at the mouth of the Pitot 
tube in the water-leg. From this the specific gravity of the mass could 
be calculated. 

Then with the head produced by the difference in the levels of the 
tetrachloride of carbon and the specific gravity of the liquid whose impact 
caused that diflference of level, the velocity of the liquid can be calcu- 
lated. This is the method followed in all of my observations and which 
are tabulated on the accompanying sheets. (Tables 6 and 7.) 




Fro. 118. — Side elevation and section of firebox showing location of holes for circulation tests. 

The heat (B. t. u.) given is for that above 32 degrees Fahr. The 
column headed "Angle of Flow," indicates the observed angle at which 
the mass was moving at the time of the observation. It is measured in 
the direction of the movement of the hands of a watch starting with 
for the vertical downward movement. Then 90 degrees would be hori- 
zontally from the front to the back; 180 degrees vertically upward, and 
270 degrees horizontally from the rear to the front. 

The "Specific Gravity of the Mass" denotes the specific gravity of 
the combined mass of steam and water. 

The "Velocity of the Mass" is the velocity which a mass of the corre- 
sponding specific gravity would have to have in order, by its impact on the 
mouth of the Pitot tube, to cause the diiference in the level of the tetra- 
chloride as observed. 

The "Velocity of the Steam," given in the last column, is the velocity 
that steam of the pressure existing in the boiler at the time of the observa- 
tion would have to have in order to cause the observed difference in the 
levels of the tetrachloride. 
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These velocities are calculated on the basis of the elevation of a mass 
whose specific gravity is 0.6, for this reason. The specific gravity of the 
tetrachloride is 1.6. The 1 is balanced by the superincumbent weight of 
water in each ieg of the U-tube, leaving only the .6 to be moved by the 
impact on the Pitot tube. 

In handling the apparatus and making the observations here recorded, 
the differences in level of the tetrachloride were first observed. Then 
water and steam were blown through the piping, leading to the calori- 
meter, suflScient to heat it, after which it was turned into the barrel for 
the measurement of its heat values. 

The records of the angles of flow must not be taken as positive and 
fixed. The figures given are for the approximate average inclination of 
the flow. As a matter of fact it shows every evidence of constant varia- 
tion, sometimes through angles approximately 45 degrees for the higher 
velocities, and this together with other general indications have led me 
to the opinion that there is much agitation in a boiler, with comparatively 
little circulation or progressive movement of the water. I think that if 
the matter were to be examined to a finality it would be found that there 
is a regular slow movement from front to back, broken throughout the 
whole course by violent agitation, and innumerable cross currents, but 
that in no place are these currents torrential nor is the steam movement 
itself very rapid, while in some places there is a true circulation, that is, 
the water follows a definite path returning to a previous position. An 
example of this is found in the tests at hole 8 of the radial-stay boiler on 
June 4. At one inch from the inside sheet there was an upward flow of 
1.71 feet per second; at two inches the flow was still nearly vertical; at 
three inches there was a neutral point at which no movement could be 
detected; while, at four inches or near the outer sheet, there was a vertical 
movement downward. The same thing is observable with the Jacobs- 
Shupert firebox at holes 7 and 8, but without the indication of a neutral 
zone devoid of flow. 

There are some peculiarities. in the observations that I cannot attempt 
to account for because of the limited data. For example, in the observa- 
tion at hole 12 of the radial-stay boiler, the three records of the third, show 
a constantly increasing percentage of steam in the mixture from the inner 
sheet to the outer. This is checked by the observations on the fourth, 
except that the one at four inches from the sheet, which is farther out than 
that of the third, shows a falling off as the outer sheet is approached. 
This same condition, though not so markedly, appears in the Jacobs- 
Shupert boiler at hole 7. 

As for the general character of the water movement, there is, in the 
radial-stay boiler an entire absence, so far as my observations went, of 
eddy or reverse currents. The movement is either vertical or back from 
front to rear, whereas in the Jacobs-Shupert firebox, with the general 
movement the same, there was one hole where the movement was from the 
rear to the front, evidently due to eddies set up by the stay-plates. 

In calculating these velocities corresponding to the heights, I have 
taken it that these heights or diiferences of level vary as the impinging 
mass and that the squares of the velocities vary inversely as the mass. 

You will observe that the percentages of steam are less in the 
Jacobs-Shupert boiler than in the radiai-stay. From the dates you can 
determine the probable rates of evaporation in the radial-stay, from your 
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other tests with the Jacobs-Shupert the evaporation is estimated to have 
been about 12 pounds per square foot of heating surface per hour. And 
the boiler was being fed with water at a temperature of about 70 degrees 
Fahr. The rate of movement, too, was more rapid with the radial-stay 
than with the Jacobs-Shupert, but in both cases the movement was so slow 
that no criticism can be offered as to the checking of the flow by the stay 
plates of the Jacobs-Shupert firebox. Evidently, from the rate of flow 
and the percentage of steam contained in the water, there was ample 
opportunity for the water to come back and completely fill the leg. 

Incidental to this, I observed that a change in the rate of steam flow 
through the exhausting pipes would have its effect on the velocity of the 
currents in the water-leg of the firebox. The opening of the safety-valve, 
for example, would increase the speed at once. While when the pressure 
was being raised, the water seemed quite stagnant. 

In order to ascertain the likelihood of there being a straight flow of 
cold water from the front to the rear over the top of the foundation ring, 
a thermometer was placed at the back lower corner of the Jacobs-Shupert 
firebox on the eighth, when being driven as already indicated and using 
feed water at a temperature of about 70 degrees Fahr. When the boiler 
was at work under 215 pounds' pressure the observed temperature at this 
point was 380 degrees Fahr., or only 13 degrees below the boiling point at 
that pressure. This indicating either a circulation through hot portions 
of the boiler before reaching the back end of the water-leg, or an agitation 
of the water en route and its mingling with quantities of steam or hot 
water by which its temperature was raised. 

The tests cannot be regarded as conclusive because of their meager- 
ness, but they indicate that neither the water nor steam velocities of a 
locomotive firebox are high, and that the opening in the stay-plates of 
the Jacobs-Shupert firebox are quite sufficient to admit the water in ample 
quantities to all parts of the water-leg. 

Finally I wish to suggest that many of the seeming inconsistencies of 
these observations may be attributed to the interval of time between them. 
This ran for fifteen minutes to forty-five minutes in which there was ample 
time and opportunity for such changes to occur in direction of flow and 
rate of evaporation as to fully account for the actual changes observed. 
Respectfully submitted, 

(Signed) GeO. L. FoWLER. 
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XIII. Experimental Methods and Observed 
and Computed Results 

128. There is presented in this chapter as Tables 8 to 30, inclusive, 
the full exhibit of observed and calculated results derived from the evapo- 
rative tests. Series A (Tables 8 to 19) consists of 21 tests, and for each of 
these, the water and steam record is presented separately for the barrel and 
the firebox end. Series B (Tables 20 to 30) consists of 19 tests. This 
gives a total of 40 tests reported. The facts associated with these tests are 
presented under 125 headings. Each of these column headings bears a 
number, and throughout the text, whenever tables are used, any given col- 
umn number always refers to the same heading. 

129. In general the methods employed have been those outlined by 
the code for conducting boiler trials of the American Society of Mechanical 
Engineers. The observed data tabulated have been corrected in so far as 
necessary in accordance with calibrations of the instruments in question. 
The Steam Tables of Marks and Davis have been employed. 

130. That no one may be in doubt as to the significance of any item 
given, the tables are preceded by concise explanations of the manner in 
which the values of each column were obtained. This is as follows: 

Table 8, Tests Series A» and Table 20, Tests Series B 
General Conditions 

131. Column 1. Designation of Test. — This column appears upon 
each of the tables as a cross reference. The first term of this designation 
JBdicates the series to which the test belongs, the second, the number given 
the test, and the third, the boiler upon which the test was made. Thus, 
the designation for the first test reported upon Table 8 is A-l-J, which 
indicates that this test belongs to Series A, has been given the laboratory 
number 1 and was conducted upon the Jacobs-Shupert boiler. 

Column 2. Date of Test. 

Column 3. Duration of Test, Hours. — In general it was sought to 
have the duration of oil-fired tests such as would result in the consump- 
tion of from 4,000 to 6,000 pounds of oil. In like manner it was sought 
to have all tests during which coal was used of such duration that approxi- 
mately 10,000 pounds of coal would be burned. For the low and medium 
power tests, it will be noted that from 8,000 to 11,000 pounds of coal were 
burned. For the high power tests, it was found impossible for a single 
fireman to handle to the best advantage more than 6,000 or 7,000 pounds 
of coal at the necessary rate of firing. On this account it was deemed 
130 
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advisable to limit the tests to such a length as would permit one fireman 
to work through an entire test. For high power test No. B-209-R, only 
3,672 pounds of coal were fired. This test was closed at the end of 40 
minutes on account of injector trouble. 

Column 4. Power. — This column will be of service in indicating 
approximately the load carried by the boiler. For Series A, the terms 
"Low," "Medium," and "High" indicate approximately an equivalent 
evaporation per square foot of heating-surface for the entire boiler per 
hour of 4, 7, and 10 pounds, respectively. In like manner for Series B the 
same terms indicate rates of 5, 10, and 15 pounds of equivalent evaporation 
per square foot of heating-surface per hour. 

Column 5. Furnace.— This column appears only upon Table 20 
relative to Series B, indicating whether or not the firebox was equipped 
with a brick arch. During Series A the fireboxes were without arches dur- 
ing all tests. A description of the arches as installed during Series B will 
be found in paragraph 74, page 77. 

Column 6. Barometric Pressure, Pounds per Square Inch. 

Column 7. Boiler Pressure, Gage, Pounds per Square Inch. — During 
Series A the boiler pressure was recorded both for the firebox end and the 
barrel end of the boiler. In all tests, however, the average values for the 
two portions of the boiler were found to be the same and are so recorded. 
The location of the gages and arrangement of piping showing the method 
by which the pressure was equalized between the two ends of the boiler 
are shown in Figs. 47 and 48, pages 58 and 59. 

Column 8. Temperature of the Laboratory, Degrees Fahr., is the 
average of observations taken upon an ordinary dry-bulb thermometer at 
10-minute intervals. 

Column 9, Temperature of Laboratory by Wet-Bulb Thermometer, 
Degrees Fahr., is the average of observations taken upon a stationary wet- 
bulb thermometer at 10-minute intervals. 

Column 10. Temperature of Outside Air, Degrees Fahr. 

Column 11. Temperature of Smoke-Box Gases, Degrees Fahr., was 
determined by means of thermo-couples, the location of which is indicated 
in Fig. 49, page 59. 

Column 12. Draft Back of Diaphragm, Inches of Water. 

Column 13. Draft Front of Diaphragm, Inches of Water.^ — For the 
high power tests of Series B mercury manometers were used to determine 
the draft in front of the diaphragm. In all other cases water manometers 
were used in making draft determinations. Fig. 52, page 61, shows the 
location of draft gages in connection with one of the boilers. 
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Table 9, Tests Series A, and Table 21, Tests Series B 
Fuel 

132. Column 14. Total Oil Burned, Pounds. — The oil used was 
obtained from the Sun Company, Marcus Hook, Pennsylvania, and has 
been referred to as "close cut." It is stated that it had been specially 
treated for the removal of sulphur. Its analysis is given in Table 16, page 
152. Oil was delivered to a weighing tank set upon platform scales from 
which it passed to a calibrated storage tank and thence by gravity to the 
oil burner. Figs. 50 and 51, page 60, show the arrangement of the 
oil tanks. The amount of oil burned, as shown by the calibration of the 
storage tank, was recorded every 20 minutes. 

Column 15. Oil per Hour, Pounds = column 14 -i- column 3. 

Column 16. Kind of Coal.- — ^Two kinds of coal were used during the 
tests, Scalp-Level and Dundon Gas coal. The Scalp-Level coal was 
mined in Cambria County, Pennsylvania, and may be described as a short 
flame coal. The Dundon Gas coal, a long flame coal, was mined at Widen, 
West Virginia, on the Hne between Clay and Nicholas counties. For 
those tests marked "hand-picked" lumps from 2 to 3 inches in diameter 
and larger were used, the larger lumps being broken to size suitable for 
firing. For test No. li-406-R coal which had been left from previous tests 
was run over a J/^-inch screen, thus removing a large portion of the very 
fine coal which would otherwise have l>een unduly large for this particular 
test. Upon Tables 15 and 26, pages 148 and 159, will be found chemical 
analyses of the coal employed, and upon Tables 17 and 28, pages 150 and 
161, will be found their calorific values. 

Column 17. Coal as Fired, Total, Pounds. — ^AU coal fired was weighed 
on platform scales and distributed to the storage bins, two in number. 
The fireman drew his supply from one bin for the check period of twenty 
minutes. At the end of that time any coal remaining was weighed back 
and the bin credited with same. The supply was then drawn from the re- 
maining bin for the next check period. In this way each bin was in service 
everj- alternate twenty minutes. Fig. 53, page 61, shows the arrange- 
ment of scales for weighing coal and ash. As each coal barrow was brought 
into the building a shovel of coal was taken from it and deposited in a con- 
tainer. At the end of the test this sample was mixed and quartered, one- 
quarter being placed in a shallow iron pan and covered. Weighings of this 
sample before and after drying gave determinations as to accidental mois- 
ture. After the accidental moisture determination had been made the 
sample was again mixed, crushed and quartered until a suitable sized 
sample was obtained which was placed in an air-tight container and for- 
warded to the chemical laboratory. 

Column 18. Coal as Fired per Hour, Pounds, = column 17 -i- 
column 3. 
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Column 19. Coal as Fired per Square Foot of Grate per Hour, 
Pounds, = column 18 -f- grate surface, square feet. 

Column 20. Moisture Free Coal, Total, Pounds, = column 17 X (1 - 
(column 80 + 100)). 

Column 21. Moisture Free Coal per Hour, Pounds, = column 20 -j- 
coluron 3. 

Column 22. Moisture Free Coal per Square Foot of Grate per Hour, 
Pounds, = column 21 -^ grate surface, square feet. 

Table 10» Tests Series A, and Table 22, Tests Series B 
Fuel (Continued) 

133. Column 23. Total Ash, Pounds. — The ashes were drawn from the 
ash-pan from time to time as the test progressed and weighed at the con- 
clusion of the test. A shovel full of ashes was taken from each barrow 
load after being weighed and placed in a container. This gross sample 
was then mixed, crushed, and quartered until a suitable sized sample 
remained which was forwarded to the chemical laboratory for analysis. 

Column 24. Total Stack Cinders, Pounds. — A portion of the stack 
cinders was collected by means of a spark-trap the nozzle of which 
extended over the stack. The position of this nozzle, which was deter- 
mined by a graduated quadrant, permitted collecting sparks from four 
representative piortions of the outflowing stream. The weighed portions 
so collected were used as a basis for the determination of the total sparks 
emitted. Fig. 56, page 64, shows the arrangement of the spark-trap as 
attached to the stack. 

Column 25. Moisture and Ash Free Coal Fired, Pounds, = column 
17 X (1 - ((column 80 + column 83) -^100)). 

Column 26. Moisture and Ash Free Coal Fired per Hour, Pounds, = 
column 25 -h colxmin 3. 

Column 27. Moisture and Ash Free Coal Consumed, Pounds, = 
column 25 - (column 23 X column 100 -^ 100) - (column 24 X column 
99 ^ 100). 

Column 28. Moisture and Ash Free Coal Consumed per Hour, Pounds, 
= column 27 -i- column 3. 

Column 29. Per Cent of Ash in Terms of Moisture Free Coal, = 
(column 23 -=- column 20) x 100. 

Column 30. Per Cent of Stack Cinders in Terms of Moisture Free 
Coal, = (column 24 ^ column 20) X 100. 

Column 31. Steam Used by Oil Burner, Pounds. — ^The amount of 
steam used by the oil burner was determined by passing it through a cali- 
brated orifice placed in the line leading to the burner. The drop in pres- 
sure at the orifice was determined by means of suitable pressure gages. 

Column 32. Steam Pressure, Atomizer of Oil Burner, Gage, Pounds per 
Square Inch. — The average of observations taken at lO-minute intervals. 
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Tables 11 and 12, Tests Series A, and Table 23* TesU Series B 
Boiler Performance 

134. Column 33. Temperature of Feed-Water, Firebox, Degrees Fahr. 

Column 34. Temperature of Feed-Water, Barrel, Degrees Fahr. 

Column 35. Temperature of Feed- Water, Degrees Fahr. AH recorded 
feed-water temperatures are averages of observations taken at 10-minute 
intervals. 

Column 36. Water Fed to Boiler, Corrected, Pounds. 

Column 37. Water Fed to Boiler, Corrected, Firebox, Pounds. 

Column 38. Water Fed to Boiler, Corrected, Barrel, Pounds. 

Column 39. Water Fed to Boiler, Corrected, Total, Pounds.— The 
water fed to the boiler was measured in calibrated tanks provided with 
overflows to insure uniformity in filling. Four measuring tanks, two for 
each boiler, were used, each of which was supplied with a feed-water tank 
from which the injectors drew their supply. The arrangement of tanks is 
shown in Fig. 50, page 60. Each injector, of which there were four, had a 
separate measuring and feed-water tank. Observations were taken upon 
the heights of water in the feed-water tanks every twenty minutes, making 
possible the determination of the amount of water fed to the boiler for this 
interval. The overflow from each injector was received in a barrel and 
returned to its feed-water tank. During the tests of Series A with the 
partitioned boiler, one injector with its measuring and feed tanks supplied 
the firebox end of the boiler with water while another injector with its 
complement of tanks supplied the barrel end. The values given in columns 
36, 37, and 38 have been corrected for leaks, which in the majority of tests 
amounted to nothing and in the other tests were very small and for differ- 
ences of water-level and steam pressure in the boiler at the beginning and 
end of the tests. All tests were so conducted as to make such differences 
and therefore the corresponding corrections as small as possible. 

Column 40. Water Fed to Boiler, Adjusted to Include Back Tube- 
Sheet as Part of. Firebox, Firebox, Pounds. 

Column 41. Water Fed to Boiler, Adjusted to Include Back Tube- 
Sheet as Part of Firebox, Barrel, Pounds. 

Column 42. Water Fed to Boiler, Adjusted to Include Back Tube- 
Sheet as Part of Firebox, Total, Pounds.— Upon page 42, paragraph 42, 
will be found information relative to the heating-surface for firebox, barrel, 
and total for each of the two boilers. Where the term heating-surface 
appears in the following expressions it is expressed in square feet. The 
partitioned boiler as actually tested was so arranged that the heating- 
surface of the back tube-sheet was necessarily included as a part of the 
heating-surface of the barrel instead of as a part of the firebox heating- 
surface. In order that all results relative to evaporative performance 
which are affected by the division of the boiler into firebox end and barrel 
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end may be based upon the firebox heating-surface which includes the back 
tube-sheet and upon the barrel heating-surface which does not include the 
back tube-sheet the following assumption has been made: The equivalent 
evaporation per square foot of heating-surface of the back tube-sheet was 
equal to the equivalent evaporation per square foot of heating-surface of 
the remaining part of the firebox. In accordance with this assumption, 
column 40 = column 37 + (column 37 X heating-surface of back tube- 
sheet -i- (heating-surface of firebox - heating-surface of back tube-sheet)), 
column 41 = column 38 - (column 37 X (heating-surface of back tube- 
sheet -i- (heating-surface of firebox - heating-surface of back tube-sheet)) 
X (column 47 -^ column 48)), and column 42 = column 40 + column 41. 
It will be evident that the differences which exist between corresponding 
values in columns 39 and 42 are due to the slightly different conditions 
which existed for the firebox end and barrel end as to feed-water tempera- 
ture and quality of steam. All tabulated results relating to evaporative 
performance may be calculated either from columns 37, 38, and 39, taking 
into account the assumption made above, or may be calculated somewhat 
more readily from columns 40, 41, and 43. 

Column 43. Quality of Steam, Firebox. 

Column 44. Quahty of Steam, Barrel. 

Column 45. Quality of Steam. The ■ quaUty of steam was, in all 
cases, determined through the use of throttling calorimeters and the 
results are averages of observations taken at 10-minute intervals. 

Column 46. Factor of Evaporation. 

Column 47. Factor of Evaporation, Firebox. 

Column 48. Factor of Evaporation, Barrel. — The factor of evapora- 
tion for a given test is the ratio of the heat supplied in producing a pound 
of steam from average feed-water temperature to average boiler pressure 
under average conditions of quality to the heat of vaporization of water 
at 212 degrees Fahr. Expressed algebraically this becomes, 
q + XT - h 
970.4 

where q = heat of liquid for average test conditions. 
X = average quality of steam. 

r = latent heat of vaporization for average test conditions. 
k = average heat in feed-water above 32 degrees Fahr. 

970.4 = latent heat of vaporization of water at 212 degrees Fahr. and 
14.7 pounds pressure per square inch. 

Column 49. Equivalent Evaporation, Firebox, Pounds, = column 47 
X Column 40. 

Column 50. Equivalent Evaporation, Barrel, Pounds = column 48 x 
column 41. 

Column 51. Equivalent Evaporation, Total Pounds. — ^In Table 12 
Series A this column = column 49 + column 50. In Table 23 Series B 
this column = column 36 x column 46. 
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Column 52. Equivalent Evaporation per Hour, Firebox, Pounds, = 
column 49 ^ column 3. 

Column 53. Equivalent Evaporation per Hour, Barrel, Pounds, = 
column 50 -i- column 3. 

Column 54. Equivalent Evaporation per Hour, Total, Pounds, = 
column 51 -i- column 3. 

Column 55. Equivalent Evaporation by Firebox, Per Cent of Total, 
= (column 49 -^ column 51) x 100. 

Column 56. Equivalent Evaporation per Square Foot of Heating- 
Surface per Hour, Firebox, Pounds. — ^The values in column 56 were cal- 
culated in accordance with the expression ((column 37 X column 47) -j- 
column 3) -;■ ((heating-surface of firebox — heating-surface of back tube- 
sheet). These values are also equal to (column 52 -i- heating-surface of 
firebox). 

Column 57. Equivalent Evaporation per Square Foot of Heating- 
Surface per Hour, Barrel, Pounds, = column 53 -^ heating-surface in the 
barrel. 

Column 58. Equivalent Evaporation per Square Foot of Heating- 
Surface, per Hour, total Pounds = column 54 -j- total heating-surface. 
For Series A these values are also equal to ((column 37 X column 47) + 
(column 38 x column 48)) -^ (column 3 X total heating-surface). 

Table 13, Tests Series A, and Table 24, Tests Series B 
Boiler Performance (Continued) 

135. Column 59. Boiler Horse-power Developed = column 54 -i- 34.5. 

Column 60. Ratio of Heating-Surface to Boiler Horse-power Devel- 
oped, Firebox, = firebox heating-surface -^ (column 52 -^ 34.5). 

Column 61. Ratio of Heating-Surface to Boiler Horse-power Devel- 
oped, Barrel, = barrel heating-surface -;- (column 53 -;- 34.5). 

Column 62. Ratio of Heating-Surface to Boiler Horse-power Devel- 
oped = total heating-surface -^ column 59. 

Column 63. Equivalent Evaporation per Pound of Fuel as Fired, 
Pounds, = column 51 -t- column 14, for all tests reported in Table 13 
in which oil was used as fuel, and = column 51 -i- column 17, for all tests 
in which coal was used as fuel. 

Column 64. Equivalent Evaporation per Pound of Moisture Free 
Coal Fired, Pounds, = column 51 -i- column 20. 

Column 65. Equivalent Evaporation per Pound of Moisture and Ash 
Free Coal Consumed, Pounds, = column 51 -i- column 27. 

Column 66. B.t.u. Absorbed by Boiler per Pound of Oil - column 
63 X 970.4. 

Column 67. B.t.u. Absorbed by the Boiler per Pound of Moisture 
Free Coal Fired = column 64 X 970.4. 
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Column 68. B.t.u. Absorbed by the Boiler per Pound of Moisture 
Free Coal Consumed = (column 70 X column 103) -j- 100. 

Colunm 69. Overall Efficiency, per cent. — ^This is the ratio of the heat 
units absorbed by the boiler to the heat units fired, 

= column 66 -i- column 101 for all tests reported in Table 13 in 

which oil was used as fuel, 
= column 67 -^ column 103 for all tests in which coal was used as 
fuel. 
Column 70. Efficiency of Boiler and Furnace Excluding Grate, per 
cent. — ^This is the ratio of the heat units absorbed by the boiler to the heat 
imjts which may be considered as rising from the grate, = (column 65 
X 970.4) -i- column 104. 

Table 14, Tests Series A, and Table 25» Tests Series B 
Smoke-box Gases and Air Supply 

136. Column 71. Gas Analysis, CO2, per cent, by volume. 

Column 72. Gas Analysis, O2, per cent, by volume. 

Column 73. Gas Analysis, CO, per cent, by volume. The gas analyses 
were made with the Orsat apparatus and are averages for continuous sam- 
ples. Fig. 53, page 61, shows the position of the gas sampling tubes. 
Where insufficient data regarding gas analyses or data that were obviously 
in error were secured these have been omitted from the tabulations. 

Column 74. Gas Analysis, N, per cent, by Volume = 100 — (column 
71 + column 72 + column 73). 

Column 75. Dry Gas per Pound of Carbon Consumed, Pounds, = 
(4 X column 71 + column 72 + 700) + (3 X (column 71 + colunm 73)). 

Column 76. Dry Gas per Pound of Moisture Free Coal Fired, Pounds, 
= (column 75 x column 85). 

Column 77. Air per Pound of Carbon Consumed, Pounds, = column 
74 -^ (.33 X (column 71 + column 73)). 

Column 78. Air per Pound of Moisture Free Coal Fired, Pounds, = 
column 85 X column 77. 

Column 79. Ratio of Air Supphed to Theoretical Requirement = 
column 74 -*- (column 74 - (3.77 X column 72)). 

Table 15, Tests Series A, and Table 26, Tests Series B 
Chemical Analysis — Coal 

137. The chemical analyses and determinations of calorific values for 
oil, coal, ash and stack cinders were made at the Pittsburgh laboratory of 
the United States Bureau of Mines. For the tests during which oil fuel 
was used one composite sample made up from separate samples for each 
test was analyzed and reported upon. For the tests during which coal was 
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burned one sample each of coal, ash, and stack cinders were submitted for 
each test, proximate analysis being made for each sample submitted and 
calorific determinations being made for all coal and stack cinder samples. 
Ultimate analyses were made for one sample of Scalp-Level coal and for one 
sample of Dundon coal. From the ultimate analyses submitted by the 
chemist an ultimate analysis was calculated for the coal of each test upon 
the basis of its ash and sulphur as shown by the proximate analysis for that 
sample and upon the assumption that the hydrogen, carbon, nitrogen, and 
oxygen bore the same quantitative relation to each other in all samples, 
namely, that shown by the single ultimate analysis. 

Column 80 to 89, inclusive, Chemical Analyses, obtained from the 
report of the chemist. 

Table 16, Tests Series A, and Table 27, Tests Series B 
Chemical Analyses — Stack Cinders — Ash— CHI 

138. Columns 90 to 98, Inclusive, Chemical Analyses, obtained from 
the report of the chemist. 

Table 17, Tests Series A, and Table 28, Testa Series B 
Calorific Values 

139. Column 99, Per cent, of Combustible in Stack Cinders = column 
91 + column 92. 

Column 100. Per cent, of Combustible in Ash =» colunm 95 + column 
96. 

Column 101 to 105, inclusive. Calorific Values by Oxygen Calorimeter, 
B.t.u., obtained from the report of the chemist. 

Column 106. Calorific Value per Pound of Ash, Estimated, B.t.u., — 
for all tests during which Scalp-Level coal was burned column 106 = 
column 104 X (column 100 -4- 100) X 0.912 and for all tests during which 
Dundon coal was burned column 106 = column 104 X (column 100 ■*■ 
100) X 0.945. The constants 0.912 and- 0.945 appearing in these expres- 
sions were determined in the following manner. Upon examination of the 
calorific values submitted by the chemist for stack cinders it was found 
that the combustible contained in those cinders had a heating value uni- 
formly lower than the combustible in the coal from which the cinders orig- 
inated. In the case of the Scalp-Level coal tests the average calorific value 
of the combustible in the stack cinders was found to be 91.2 per cent, of 
the combustible in the coal. In the case of the Dundon coal tests the 
corresponding figure was found to be 94.5 per cent. These figures were 
employed in the above expression for computing the calorific value of the 
ash, thus assuming that the combustible in the ash was of substantially 
the same calorific value as the combustible in the stack cinders. 
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Table 18, Tests Series A» and Table 29, Tests Series B 
Heat Balance — British Thermal Units 

140. Where insufficient data have been secured or data relative to 
gas analyses have been omitted the corresponding heat balances have also 
been omitted. The reliability of data relative to flue-gas analyses is not 
comparable with that of other portions of the data. Heat balances for 
all tests during which coal was burned for which sufficient data were 
secured are presented notwithstanding the fact that some of the results 
are obviously inconsistent. 

Column 107. B.t.u. per Pound of Moisture Free Coal = column 103. 

Column 108. B.t.u. absorbed by Boiler per Pound of Moisture Free 
Coal = column 67. 

Column 109. Loss Due to Moisture in Coal, B.t.u., = (column 80 + 
(100 - column 80)) X ((212 - column 8) + 970.4 + 0.47 X (column 11 
-212))- 

Column 110. Loss Due to Moisture in Air, B.t.u., = ((grains mois- 
ture per pound of air) t- 7,000) x column 78 x (0.47 x (column 11 — 
column 8)). The number of grains of moisture per pound of air was deter- 
mined by means of psychometric tables and the data given in columns 8 
and 9. 

Column 111. Loss Due to Hydrogen in Coal, B.t.u., = (column 84 
+ 100) X 9 X ((212 - column 8) + 970.4 + (0.47 X (column 11 - 212)). 

Column 112. Loss Due to Escaping Gases, B.t.u., = 0.24 X column 
76 X (column 11 - column 8). 

Column 113. Loss Due to Incomplete Combustion, B.t.u., = (column 
85 ^ 100) X (column 73 -=- (column 71 + column 73)) X 10,150. 

Column 114. Loss Due to Stack Cinders, B.t.u., = (column 24 ^ 
column 20) x column 105. 

Column 115. Loss Due to Ash, B.t.u., = (column 23 -t- column 20) 
X column 106. 

Column 116. Loss Due to Radiation and Unaccounted for, B.t.u., = 
column 107 — (column 108 + column 109 + column 110 -H column 111 
+ column 112 + column 113 + column 114 + column 115). 

Table 19, Tests Series A, and Table 30, Tests Series B 
Heat Balance — Percentages 

141. Column 117. Heat Absorbed by the Boiler, per cent., = (column 
108 -^ column 107) x 100. 

Column 118. Heat Loss Due to Moisture in Coal, per cent., = (col- 
umn 109 -7- column 107) X 100. 

Column 119. Heat Loss Due to Moisture in Air, per cent., = (column 
110 -h column 107) x 100. 
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Column 120. Heat Loss Due to Hydrogen in Coal, per cent., = (col- 
umn 111 -^ column 107) X 100. 

Column 121. Heat Loss Due to Escaping Gases, per cent., = (column 
112 -i- column 107) X 100. 

Column 122. Heat Loss Due to Incomplete Combustion, per cent., = 
(column 113 + column 107) X 100. 

Column 123. Heat Loss Due to Combustible in Stack Cinders, per 
cent., = (column 114 -i- column 107) X 100. 

Column 124. Heat Loss Due to Combustible in Ash, per cent., = 
(column 115 -^ column 107) K 100. 

Column 125. Heat Loss Due to Radiation and Unaccounted for, per 
cent., = (column 116 -i- column 107) X 100. 



yGoosle 



METHODS AND COMPUTED RESULTS 



GENERAL CONDITIONS 

TESTS SERIES A 
Table 8 



TEMPERATURE— DEGREES 
FAHRENHEIT 



Labosatokt 



B'^^ 



1-J 



A- 3J 



I S-18-li 
i 8-18-ia 
8-20-ia 
A- *-J S-11-12 
A- S-J 3-20-18 
A- 6-R ; 3-18-1* 
A- 7-B , 3-Iii-li 
A- 8-R 3-I8-l« 
A- B-R 3- 8-18 
A-lOl-J ' 3-a9-ie 
A-IW-J ■ 4- S-12 
A-103-J 3-30-12 
A-1(M-J 4- 3-18 
A-105-J 4- 1-18 
A-lOa-J 4- 3-12 
A-107-B 4- 4-12 
A-108-R ! 3-28-12 
A-109-R '3-87-18 
A-llO-R 4- 8-18 



j Medium 
ML-dium 
High 

I High i 

Medmm 
Medium 
Iligt 

I Low 

Medium 

Medium 
High I 
< High 

Mediumj 14.6 

Medium' 14.2 

High j 14.6 

High 14.8 



14,6 



14.3 
14.3 
U.5 
14.7 
14. S 
14.0 
14.7 
14.8 
14.6 



72.0 
33.6 
37.9 
60.0 

50.0 
S7.8 



215.2 I 

214.0 

816.8 

217.0 ! 
215.6 ' 



36.9 
63.6 
54,2 
56.1 
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TESTS OF A JACOBS-SHUPERT BOILER 



FUEL 

TESTS SERIES A 
T*bU9 





on. 




Coal ab Fiitav 


Moisrans Fbeb Ooal 


OP^ 


pouniU 1 poimda 

1 


^:. 


pounds 


FERBOITR 

pounds 


FIB »Q,rT 


pounds 




PSBSH-FT. 


I 


14 


IS 


te 


17 


18 


le 


80 


81 


88 


A- i^ 
A- 3-J 

A- W 
A- 4-J 
A- 6-R 
A- 7-R 
A- 8-B 
A- 0-B 
A-IOl-J 
A-lOtJ 
A-IOS-J 
A-I(M-J 
A-105-J 
A-106-J 
A-IOT-R 
A-108-R 
A-109-B 
A-no-R 
A-lll-R 
A-llI-R 


5,347 
5,396 
8.«7 
6,351 
3,951 
4,513 
5,758 
6.310 


7se 

1.453 
1.390 
8.156 
2.1" 
7S0 
1.5M 
1,440 

e.ioa 



::::: 


Scalp Level 
DundoD 

Scalp Level 
Duiulon 
Dundon 
Dundon 
Dundon 

Scalp Level 

Scalp Level 
Dundon 
Dundon 
Dundon 


8,206 
8.«S5 
9.871 
0.26S 
8,688 
8,929 
8,784 
10,165 
9,888 
9,677 
8.890 
8.548 


1.368 
1.657 
2.575 
3.000 
4.341 
4.465 
1,7S7 
1,458 
2.472 
2.903 
4,S45 
4,271 


84.1 
29.8 
. 44.3 
94.4 
76.4 
78.6 

30. e 
25.0 
48.5 

T.' 

7S.1 


7,946 
8.109 
0.577 
8,960 
8,455 
8.783 

8,«oe 

10,040 
0,672 
0,449 
8,500 
8,875 


1.384 
1.622 
2,408 
2,900 
4.228 
4.392 
1.721 
t.434 
2.418 
2.835 
4,850 

*■'" 




23.3 
88.6 
44.0 
52.6 
74.4 
77.3 
20.6 
24.7 
41.6 
48.7 
75.1 
71.1 
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METHODS AND COMPUTED RESULTS 



FUEL (Continued) 

TESTS SERIES A 

Table 10 



or T 


lU 




Abh Pbbb Coal 


A8H Free Coal 

CONBUUBD 


IN 

OI8- J 
■BBB 


:ack s 

EHUB 
■OAL 1 


i 


- 


BTEAM 

PUIS- 


TMT P( 


^^da 


poundB 


SS^A, 


is. 


undi 


'FF 


1 


S8 


84 


86 


86 


87 


as 


88 


80 


81 


89 


A- W 
















420 


9.5 


A- 2-J 






























262 


7.6 


A- 3^ 






























285 


7.6 


A- 4-J 






























193 


6.2 


A- 5-J ■ 1 






























250 


9.4 


A- «-B 






























361 


7.3 


A- 7-R 1 






























232 


8.5 


A- 8-R 






























305 


8.2 


A- 9-R 




























1 


158 


4.2 


A-lOW 


353 


112 


7,511 


1,252 


7,197 


1,200 


4.4 


1.4 








A-ioa-J 


230 


68 


7,S6S 


1,473 


7,279 


1,456 


2.8 


0.8 










A-103^ 


365 


4B2 


9,109 


2,376 


8.456 


8.208 


3.8 


S.l 










A-10*-J 


870 


70 


7.434 


2,478 


7.336 


2,445 


3.0 


0.8 










A-105-J 


65 


93 


7,753 


3,877 


7,670 


3,686 


0.8 


1.1 










A-106-J 


ei8 


93 


8.01S 


4,008 


7.900 


3,9S0 


2.5 


1.1 










A-107-R 


315 


87 


7,870 


1.574 


7.774 


1.555 


3.7 


1.0 










A-108-R 


353 


208 


9,436 


1,348 


9.078 


1.207 


3.5 


2.1 










A-108-R 


292 


47B 


9,211 


2,303 


8.675 


2,169 


3.0 


5.0 










A-no-R 


256 


76 


8,648 


2.594 


8,568 


2,570 


2.7 


0.8 










A-lll-R 


229 


61 


7,567 


3,779 


7,466 


3,733 


2.7 


0.7 










A-114-R 


VU 


61 




,37 


6 


a 


.688 


7.24 


8 


3 


62 


* 1 


*' 


0.7 
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TESTS OP A JACOBS-SHUPERT BOILER 



BOILER PERFORMANCE 

TESTS SERIES A 
T>bl« II 



Feed Watek 



r STEAM Ev^ 



' BOX KEL 



A- 1-J 


53 


8 33. S 


22.145 26.376 48.521 25,313J 23,1B5 48.510 





998 





9931 


2110,1.2070 


A- i-J 


iS 


3 45.0 


27.440 38,801| 66,2411 31.368 34,847 66,315 





997 





9861 


219l'l.21ll 


A- 3-J 


, *= 


7 55.3 


26.733 42,468 69,«H: 30.5591 38.635 69,19+ 





995 





992 1 


20781.2061 


A- *-) 


*3 


7 43.1 


25,083 48,951 74,034' 28,674 45,307 73,981 





997 





976 1 


2223' 1.2042 


A- 6-J 


55 


7 54.4 


24.315 47.676 71,901: 27,796 44,182 71,978 





997 





9911 


2005 1.205! 


A- «-R 


46 


7 44. B 


24.370 26.523 61,003 28,340 22,730 51,090 





097 





9941 


2108'l.aiflO 


A- 7-E 


46 


S ■ 44.0 


20.804 33.086. 53.800| 23,097 29,896 53.803 





990 





995|1 


21811.2184 


A- 8"R 


40 


6 46.8 


31.181 40,043 71.224' 35.066 35.258 71,224 





997 





995 1 


21731.2178 


A- 9-E 


47 


6 1 44.5 


25,502 43.001 68,503 29,415 39.082 08,497 





996 





901 jl 


2179| 1.2164 


A-lOW 


56 


7 56,6 


26,705 45.547' 72,252 30,527 41,708' 72.233 





996 





9901 


20871.2034 


A-lOi-J 


S4 


2 1 54.5 


25.088 33.864 58.952 28.678 30,263 38,041 





996 





992il 


21061.2071 


A-IOS-J 


5i 


5i.4 


24.727 55.388 80,113 28,266 51,842 80,108 





997 





9031 


21341.2110 


A-104-J 


55 


1 53.4 


21,319 42,392 83,711 24,371 39.339 63.710 





996 





993 1 


2098 1.2089 


A-IOS-J 


S6 


6 1 57.0 


17,371 41.360^ 58,740 19,857 38.878 38.735 





994 





9031 


20681.2050 


A-106-J 


SO 


8 51.8 


17.387 39.333 36.720 19.875 30,840 36,721 





994 





9951 


21181.2126 


A-107-R 


32 


4 50.3 


25,810 33.039 60,849 29.771 31.077 60,848 





997 





9041 


2134,1.2129 


A-108-R 


60 


5 ' 54.4 


.32.029 .M,833 86.882 36,945 49.016,86.881 





997 





9941 


2096;i,2088 


A-HW-R 


53 


9 1 52.3 


22,123 37,709 79,832 25,519 £4,307 79,820 





998 





993'] 


2123 1.2090 


A-llO-R 


59 


57.0 


23,804 43.979 67,583 27,226 40,353 67,581 





996 





90311 


203e'l.2049 


A-lll-R 


56 


4 S6.S 


17,204 42,116 39,320: 19,845 39.468 59.313 





096 





9921 


20861.2061 


A-118-R 


153 


4 : S2.0 


13,780 41.314. 57,0»4i 18,202 38.803 57.097 





996 





995 1 


20981 1.2106 
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METHODS AND COMPUTED RESULTS 



BOILER PERFORMANCE (Contmued) 
TESTS SERIES A 

TabU 12 





EqVtVALEHT KVAKUUTION 


EgUIVALBNT BVAPDRATION 


66 


Equitalsht Evaporation 
piR 8a. Ft. op Hiatino 


TEST 


49 60 


pounds 

.1 


nme- 

BOX 

62 


pounds pounds 
68 ' 64 


PIBE- 
BOK 

pounda 


67 


^ndi 


1 


se 


68 


A- 1^ 


S0,«80 28.018 


58,698 


6,136 


5,604 ' 11.740 


52.27 


26.59 


2,04 


3. BO 


A- 2-J 


3e.a40 


*«.ao5 


80.446 


10,4*8 


11,509 ai.B37 


47.54 


46.18 


4,14 


7.29 


A- S^ 


S6,«)8 


46.698 


B3.60« 


9,227 


11.660 1 20.877 


44.27 


39.98 


4.19 


6.94 


A- *-J 


35,048 


64,JS58 


89.606 


11,683 


18,186 . 29,869 


M.ll 


00.62 


6.55 


9.93 


A- Jt-J 


3S.ei9 


53,249 


86.868 


11,206 


17,750 t 28,958 


38.70 


48.55 


6.99 


9.63 


A- «-H 


34.seo 


27.732 


62.301 


6,914 


6,546 , 12,460 


56.48 


33.45 


2.00 


4.18 


A- 7-R 


S9.*90 


36,423 


66,653 


9.743 


12,141 21,884 


44.52 


47.14 


4,37 


7.33 


A- 8-R 


43.782 


42.935 


86,717 


10,946 


10.734 21.690 


50.49 


52.96 


3.86 


7.27 


A- 9-R 


SS,8«S 


47.5*0 


83.366 


11.942 


16.847 27.789 


42.07 


67.78 


6.71 


9.31 


A-lOl-J 


36,890 1 S0,19I 


87.087 


6.149 


8.363 ■ 14.514 


42.36 


26.64 


3.01 


4.82 


A-1(H-J 


34,718 : 36.S30 


71,248 


B.944 


7,306 14,250 


48.74 


30.00 


2.63 


4.74 


A-IOS-J 


34.300 


62,781 


97,081 


8.949 


16,379 26,328 


36.33 


38.77 


6,«0 


8.42 


A-104-J 


29.479 


47,558 


77,037 


9,826 


15,863 26.679 


38,27 


48.57 


6. 71 


8.54 


A-IOS-J 


23,9M 


46,846 


70,810 


11.982 


23.423 35.406 


33.84 


61.92 


8.43 


11.77 


A-106-J 


24,083 


44,680 


68,766 


12,043 


22,340 34,383 


36.03 


52,18 


8.04 


11.43 


A-107-R 


36,125 


37,692 


73,817 


7,225 


7.638 ; 14,763 


48.93 


34.95 


2.71 


4.95 


A-108-R 


44.683 


60,337 


I05.0M 


6.383 


8.620 15,003 


42.54 


30.88 


3.10 


5,03 


A-108-R 


80,936 


65,707 


»«,«43 


7.734 


16.427 24.181 


32.01 


37.42 


6.91 


8.10 


A-UO-R 


32.824 


48,625 


81.449 


9.848 


14.689 24.487 


40.30 


47,64 


6,25 


8.19 


A-m-R 


43,984 


47.563 


71,547 


11,992 


23,782 35,774 


33,52 


38.02 


8.56 


11.99 


A-112-R 


22,017 


47,087 


■»■■" 


11,009 


23,544 34,553 


31.86 


53 26 


a.4S 


11.58 
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TESTS OF A JACOBS-SHUPERT BOILER 



BOILER PERFORMANCE (Continued) 

TESTS SERIES A 
T>bl« 13 



A- 6-R 
A- 7-R 
A- 8-R 
A- 9-R 
A-lOl-J 
A-IW-J 
A-103-J 
A-10*-J 
A-105-J 

A-ioa-J 

A-IOT-R 

A-IOS-R 
A-109-R 
A-IIO-R 
A-Ul-R 
A-lia-R 



Ratio of Beatinq i 



PowsB Developed 



B. T. U. AseoBBBD 



BmCIBNCT 









10.&6 


12.10 


8.79 


9.79 


10.14 


11. 4S 


8.39 


10,50 


H38 


9. as 


7.83 


8.70 


8.S8 


9.50 


10.46 


11.57 


9.99 


11.14 


8.88 


9.51 


S.41 


e.58 


8.34 


9.54 



15,488 

14,6S5 

14,481 

13.4 

18,273 

15,30« 

14.118 

14.61 5| 

ie,809 



..I ( 



8.215 
7,707 
8,428 
10,549 
10,295' 
8,442 
8,270j 
8,249 



80.68 
76.36 
75.44 
70.05 
09. IS 
79.72 
78.55 
76.14 
66.70 
71.62 
62,01 
65.79 
67. SB 
58.63 
53.12 
60.22 
08.63 
64.68 
60.31 
01.10 
00.09 



[san.Bii 
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METHODS AND COMPUTED RESULTS 



SMOKE BOX GASES AND AIR SUPPLY 

TESTS SERIES A 
TabI* 14 







Gas ANALTBia 




Dbt 


Oam 


P.H'VonND 


oVS°E 


tSJ, 


CO, 


o. 


CO 


" 


BUUED 


FnBECOAL 

pounda 


COM- 


frb^Sl 


RBTIOAI. 
ttBQVIBK- 


1 


71 


79 


78 


74 


76 


76 


77 


78 


7B 


A- 1-3 


IS.l 


8.1 


0.0 


88.8 


19.2 




19.4 




1.2 


A~ «-J 


13.0 


1.8 


0.2 


85.6 


19.0 




19.6 




1.1 


A- S-J 


18. 1 


3.5 


0.0 


84.4 


80.7 




81.2 




1.2 


A- 4-J 


n.i 


8.6 


OS 


84.7 


19.7 




80.8 




l.I 


A- 5-3 


13.7 


0.4 


0.7 


85.2 


17.5 




17.9 




1.0 


A- e-R 


11.4 


5.3 


0.0 


83.3 


82.0 




22.2 




1.3 


A- 7-R 


10.4 


5.9 


0.0 


88.7 


84.0 




24.4 




1.4 


A- B-R 


18.9 


8.8 


0.0 


84.3 


19.5 




19.8 




1.1 


A- e-R 


18.4 


8.3 


0.8 


85.1 


19.9 




20.6 




1.1 


A-lOl-J 


10.1 


8.0 


0.4 


81,5 


83.8 


80.4 


28.5 


80.8 


1.6 


A-lOW 


9.2 


7.B 


O.fi 


82.8 


25.6 


19.7 


85.0 


80.0 


1.5 


A-IOS^ 


7.0 


11.7 


0.1 


81.8 


34.7 


30.0 


34.7 


30.0 


2.2 


A-IIM-J 


12.6 


3.3 


8.7 


81.5 


16. S 


11.6 


16.2 


11.4 


1.2 


A-105-J 


18.0 


8.8 


8.8 


81.5 


16.0 


18.5 


15.7 


18.8 


1.2 


A-106-J 


11.7 


3.8 


8.0 


83.1 


18.3 


14.8 


18.4 


14. S 


1.2 


A-107-R 


7.4 


11.6 


0.3 


80.7 


38.1 


84.9 


31.8 


84.7 


8.8 


A-I08-R 


9.7 


8.S 


0.1 


81.7 


25.4 


21.7 


25.3 


21.6 


1.7 


A-l(»-R 


11.9 


6.3 


0.2 


82.6 


20.7 


18.0 


20.7 


17.9 


1.3 


A-llO-R 


8.7 


0.8 


0.3 


81.8 


27. fl 


21.5 


87.3 


21.3 


1.8 


A-lll-R 


SO 


10.8 


0.4 


80.8 


89.5 


28.3 


89.8 


22.1 


8.0 


A-IH-R 


B.7 


8.8 


0.8 


81.2 


84.0 


18.9 


84.6 


18.7 


1.7 
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TESTS OF A JACOBS-SHUPERT BOILER 



CHEMICAL ANALYSIS-COAL 

TESTS SERIES A 
T«bU IS 



Proximate Analysis 



A- 4-J 
A- 5-J 
A- 6-R 
A- 7-R 
A- 8-R 
A- »-R 
A-IOI-J 
A-102-J 
A-IOS^ 
A-lOi^ 
A-IO^J 
A-106-J 
A-lff7-R 
A-108-R 
A-IOS-R 
A-llO-R 
A-lll-R 
A-ua-R 



16.40 
31.58 

M.7« 

asAi 

35.01 
16.36 
17. OS 

34.se 

34.56 
33.74 



75.40 . 

S1.30 I 

7S.86 I 

48.63 I I 
04.58 
34. 3J 



y Google 



METHODS AND COMPUTED RESULTS 



CHEMICAL ANALYSIS-STACK CINDERS-ASH-OIL 

TESTS SERIES A 
T«bl« IS 

I Phoxwate 








A- 


1-J 


A- 


«-J 


A- 


S-J 


A- 


*-3 


A- 


5-i 


A- 


a-K 


A- 


7-R 


A- 


8-H 



A- 9-K 
A-lOl-J 

A-ioa-J 

A-103^ 

A-104-J 1 

A-IOS-J ' 

A-lOfrJ 

A-107-R 

A-108-R 

A-109-R 

A-llO-R 

A-lll-R 

A-ll«-R 



^ per cent, per cent, per 



I 'per cent, pet cent. I 



16.45 
0.42 



4.06 
a.43 

4,76 I 



2.32 
2,27 
2.14 



SJI.23 
20.34 

78,42 

20.40 ; 

10.37 I 

: 55,80 I 
I 55,14 
■ IS. IS 
' io.se I 
19.67 i 



Hydrogen. 

Sulphur. . 

Water.... 



09.53 

SpedSe Gravity 

(at 15°a)...0,S875 
Viacosi^ (Eogla- 

Degreeit20°C.)l.e 
Flash Point— 
(Pen^- Mar- 
tens, doted 

tube) 60° C. 

Ignttjon Pdnt — 

(Peiuky-Mar- 

teni, dosed 

tube) 87° C. 

Calorie^ per grun, 
high value . . . 10G64 
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TESTS OP A JACOBS-SHUPERT BOILER 



CALORIFIC VALUES 

TESTS SERIES A 
Tabic 17 



A- 9-E 
A-lOl-J 
A-lOi-} 
A-109-J 
h-VH-J 
A-l(Mf-J 
A-106-J 
A-107-E 
A-l(»-E 
A-lOfr-B 
A-llO-R 
A-lll-R 
A-m-B. 



66. S3 

48.JSe 
78.78 
57.18 



73.85 
to. Si 
70.64 

75.27 
47.39 

69.70 



OAUiBmo VAXtJi ST OzrazN Calos 



19,105 
19,195 
19,195 
10,105 
19,105 
19,105 
19,195 
10,195 
10.195 



M,380 
13.458 
14,508 
11.967 
13,495 
13,550 
13.542 
14,601 
U,66S 
13,408 
13,076 
13,065 



14350 
13,750 I 
14.953 ' 
1S,3«8 I 
13.858 I 
13,784 
13.823 
14,785 I 
14,000 
13,824 I 
13.369 
13.488 I 



15,710 


0,585 


15,140 


8,766 


15,721 


10.058 


14,920 


8.233 


15,113 




15,108 


10.610 


15.115 


6.037 


13.734 


10.193 


15.741 


10,701 


15,108 


6.865 


15.035 




15,120 


037B 



0,809 
3,200 
10357 
3,074 
3,217 
2,088 
2,410 
8,618 
8,645 
2.428 
3.130 
3,050 
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METHODS AND COMPUTED RESULTS 



HEAT BALANCE-BRITISH THERMAL UNITS 

TESTS SERIES A 
Table 18 





B.T 




J^g^l 




B. T. V. 


Loss PBB POUMD 


or 


MomuRB Fbbe 


Goal Fibid 






p^Sn 


BT 




















DkuaNAnoM 


« 
















DUB TO 


or 


FBEB 


UOIH- 

nrBB J 




F Isj 


HTDBO- 


■SCAP- 


rhw 


}|" TIBUl 
'*" STACK 


'COUBTTI- 
TIBU 

ABH 


RADIA- 
EDrOB 


t 


107 


lOS 


10 


s lie 


111 


112 


118 


114 


116 


118 


A- 1-J 






















A- i-j 








1 
























A- 8^ 


'.'. 






























A- 4-J 
































A- ^J 
































A- 6-R 
































A- 7-R 
































A- a-R 
































A- »-R 
































A-lOl-J 


I4.S51 


10,696 


4 




493 


2,262 


33 


133 


436 


528 


k-lWl-J 


13,749 


8,586 


ef 


29 


5S3 


2,440 


40' 


7 67 


94 


1.805 


A-IOS-J 


14,952 


9.8S7 


4 


55 


519 


4.029 


12. 


3 662 


414 


-628 


A-lOW 


lii.368 


8,3M 


44 




618 


I.S03 


1.27 


3 64 


92 


580 


A-IM^ 






















A-106-J 


1A7M 


7.S97 


» 


28 


577 


1,980 


1,141 


) 112 


74 


S.S50 


A-IIW-R 


1S,8!3 


8.323 


2 


32 


474 


5,298 


301 


i 70 


38 


1,102 


A-108-R 


14.786 


10.160 


1 


40 


487 


2.278 


8 


T 208 


302 


1,210 


A-109-R 


14.M0 


».ei» 


21 


39 


soo 


2.220 


141 


) 529 


260 


1.668 


A-llO-R 


13,8M 


8.363 


8 




660 


2,587 


26 


65 


66 


1,809 


A-lll-B 






















A-ll*-R 


18.4 


" 


8.10 


4 


41 


2S 


660 


2.6S' 


r 


23 


72 




149 


1.761 
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TESTS OF A JACOBS-SHUPERT BOILER 



HEAT BALANCE-PERCENTAGES 

TESTS SERIES A 
Table 19 



Pbrceht. of E 



t PCEL FlBED 



A- 8-R 




A- »-B 




A-lOl-J 


71.6 


k-im^ 


6!i.O 


A-IOS-J 


65.8 


A-lOW 


67* 


A-105-J 




A-106-J 


S5.1 


A-107-R 


60.2 


A-ioe-R 


68.7 


A-109-R 


M.7 


A-HO-R 


60. S 


A-lll-R 




A-112-R 


60.1 



15. « 
17.7 

12. a 
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METHODS AND COMPUTED RESULTS 



GENERAL CONDITIONS 

TESTS SERIES B 

Table 20 



B-801-J 
B-408-J 

B-e04-J 
B-«Of-J 
B-206-R 
B-a07-R 



B-40a-J 

B-M4-J 
B-WS-R 
B-40fr-R 
B-407-R 
B-501-J 



5- 6-18 
5- S-18 

5- 7-ie 
a-19-ie 
5-ii-ie 

S-«8-ia : 
5-88-18 ' 

s-49-ie ■ 

5- 7-li i 

s-^A-n ■ 

5-20-18 j 
5-81-12 I 
6-98-12 ! 
5-28-18 j 

6- 4-18 , 
6- 3-18 , 
6- S-18 ' 
5-23-12 ' 



Low 
Medium 

High 
High 

High 

Medium 
High 
High 
High 
High 
Low 

Medium 
High 
High 

Medium 
High 
High 



iq.™ 



Without Arch 14. 

WthoutArch, 14. 

Without Arch; 14. 

.Without Arch 14. 

WithoutAich 14. 

Without Arch) 14 

Without Archj 14 

WithoulArcfa 14 

Without Archj 14. 

:WitboutArch: 14. 

Without Arcbj 14 

With Areb 14 

With Archj 14 
With 



Arch! 14 

Arch| 14 

Arch 14 

Arch 14, 

Archj 14 

Arch 14 



21S 6 71. 5 

210.9 74. S 

171.3 61 1 

142.0 69.7 

161.9, 67.1 

818.9 80.8 

207.5 77.8 
178. 3 m.B 
182.0 I 77.1 
180.7 I 61.4 
182.3' 74,8 ■ 
817.0 ! 84.1 
818.7 77.4 
154.0: 62.9 
157.0 I 60.0 
810.8, 80.2 [ 
805.1 ! 77.0 i 
171. ej 81.6 

168.6 61.3 



50. 


63.7 


56.6 


67.3 


69.4 


78.9 
78.4 



59.5 
69.9 
71.4 
64.9 



13.6 
11.9 
16.5 
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TESTS OF A JACOBS-SHUPERT BOILER 



FUEL 

TESTS SERIES B 
Table 21 





IIND 


OOAL AS FlBID 










PBB BQ. FT. 






P«E 8Q. FT. 


TEST 


COAI. 


TOTAL 


PBB HOini 














pound* 


pouDda 


ponnda 


pound. 


pound! 


pound. 


1 


te 


17 


IS 


10 


SO 


8t 


89 


B-801-J 


Scalp Level 


10,0»3 


1,442 


25.88 


9,720 


1.389 


24.45 


B-S02-J 


Scalp Level 


U,699 


8,510 


61.78 


11.SB8 


3,410 


60.18 


B-fKO-J 


Scalp Level 


6,1«3 


4,623 


81.38 


5.954 


4,467 


78.63 


B-iOi-3 


Scalp Level* 


6,M8 


6,098 


107.34 


5,980 


6,980 


104.38 


B-20a-J 


Scalp Level* 


6.471 


6,471 


118.01 


6,314 


8.314 


111.14 


B-206-R 


Scalp Level 


9.16S 


1.810 


22.52 


8,971 


1,282 


22.04 


B-a07-R 


Scalp Level 


io.sie 


3,155 


54.25 


10,171 


8,051 


52.46 


BHW8-R 


Scalp Level- 


5,508 


5,508 


84.70 


5,397 


5,807 


02.80 


B-aOB-R 


Scalp Level* 


3,672 


5,508 


04.70 


8.618 


5.427 


03.31 


B-30W 


Dundon 


6.822 


6,822 


120.08 


6,681 


6.681 


116.72 


B-S02-R 


Dundoa 


5,611 


5,611 


96.47 


5,484 


5,484 


94.29 


B-Wl-J 


Scalp Level 


9.939 


1.418 


24.96 


0,571 


1,367 


24.06 


B-*oa-j 


Scalp Level 


10.0M 


3,029 


53.32 


9,521 


2,856 


50.27 


B-403-J 


Scalp Level* 


5.S9S 


5,503 


98.45 


5,886 


5,386 


94.81 


B-*OW 


Scalp Level* 


8.032 


6,082 


106,18 


5,887 


5,887 


103.63 




Scalp Level 


9,571 


1,367 


23.50 


9,248 


1,321 


22.71 


B-40e-R 


Scalp Levelt 


10.188 


3.040 


52.27 


9,752 


2,926 


50.31 


B-407-R 


Scalp Level* 


5,172 


5,172 


88.93 


5,060 


5,060 


87.16 


B-aoi-J 


DundoD 


6,782 


6,782 


119.38 


6,558 


6.558 


115.35 



* Haad-pidced. t ScreeDed. 
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METHODS AND COMPUTED RESULTS 



FUEL (Continued) 

TESTS SERIES B 

Table 22 



DlBiaUA- 


poundi 


nAOK 


MOIBTCTRa AKD ABH 

Freb Coai. Fibed 


moibtdbb and abh 
Fbdb Coal Oonsuubd 


PBBCBMT. 
TTrBBFBBB 


FEB CENT. 
OrSTACK 


TMT 


TOTAL 

pounds 


PBR HOVB 

pound* 


iSH. 


'^r^r 


"sF- 


1 


as 


S4 


86 


»e 


S7 


ss 


S9 


ao 


B-20W 
B-20!tJ 

B-204-J 

B-206-R 
BHMW-R 
B-«)8-R 
B-209-R 
B-SOl-J 
B-302-R 
B-Wl^ 
B-Wi-J 

B-4I>W 
B-*05-R 

B-*oe-R 

B~W7-R 
B-flOW 


1.029 
749 
210 
ISS 
146 
364 
4S3 
143 
100 
161 
1S8 
570 
370 
147 
61 
656 
401 
1»1 
174 


1J>1 
806 
401 
507 
505 
108 
310 
210 

72 
111 

47 
130 
535 
278 
288 

7S 

sse 

221 
120 


0,207 
10.691 
5.670 
5.490 
5.9*8 
8.467 
0.661 
5.072 
3.373 
5.803 
4.810 
9.1S4 
9,038 
5.004 
5.5S1 
8,770 
8,160 
4.715 
5,68B 


1.315 
3,208 
4.Mfl 
5,409 
S,B48 
1,210 
2,808 
5,072 
5,0«i 
5,803 
4,819 
1,805 
2.712 
5,004 
5,551 
1.254 
2,748 
4.715 
5.680 


8,287 
0.473 
5.181 
4.930 
5,417 
8.158 
9,050 
4.806 
3.240 
5,662 
4,737 
8.666 
8,354 
4,647 
5,247 
8,817 
4568 
4,445 
5,S48 


1,185 
2.B48 
3,888 
4,030 
5,417 
1,165 
2.717 
4,805 
4365 
5,662 
4,787 
1.838 
2.S05 
4,647 
5,247 
1,188 
2,670 
4,445 
6.648 


10.6 

6.6 

2.3 
4 * 




8 
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TESTS OF A JACOBS-SHUPERT BOILER 



BOILER PERFORMANCE 

TESTS SERIES B 
T*bl« 23 



B-201-J 



B-203-J 
B-304-J 
B-S05-J 
B-«)6-E 
B-907-E 
BH»8-R 
B-«0»~R 
B-SOl-J 
B-304-R 
B-*01-J 
B~M»-J 
B-«3-J 
B-~UH-J 
B-405-R 
B-40e-R 
B-«7-R 
B-501-J 



TBMPBHA- 


WATER 




FEKD WATER 


COKSBCTBD 






pounilB 




86 


86 


48 


S4.4 


8S,172 


0.9070 


66.3 


01,206 


1.0000 


65,9 


44,446 


0.9009 


66,0 


38,80! 


1.0002 


66.0 


40.147 


1.0005 


73.8 


87,788 


0.9080 


73.1 


81,S66 


0.9082 


77.3 


37,620 


0.0087 


74.8 


23,787 


0.9082 


66.0 


48.««0 


0.9009 


76.8 


37.420 


0.0079 


70.7 


01,752 


0.9005 


71.9 


84.086 


0.9006 


78.1 


38,353 


1.0007 


71,* 


43.444 


0.0003 


78.1 


01.106 


0.0080 


77.4 


s4,oea 


0.0080 


80.0 


37,017 


0.0980 


68. S 


48,164 


09900 



Equivalent Evaporation 



.2005 


107,049 


15,203 


5,08 


.2010 


100,538 


32.861 


10,92 


.1980 


SS.285 


39,964 


13,28 


,1931 


46,045 


46,045 


15.31 


,1974 


48,070 


48,070 


15.98 


,1922 


104,662 


14,952 


5,01 


,1924 


97.025 


29,108 


0,75 


,1868 


44.658 


44,658 


14.07 


,]88« 


28,269 


42,404 


14,21 


.1980 


50,617 


50,617 


16.83 


.1861 


44,383 


44.383 


14,87 


.1965 


100,783 


15,683 


5,21 


.1066 


101,618 


30,484 


10.13 


.1916 


45,701 


45,701 


15-10 


,1911 


51,750 


51.759 


17.21 


,1872 


108,162 


15.452 


5,18 


,1872 


00,843 


29,953 


10,04 


.1812 


44,788 


44,788 


15.01 


.1052 


57,564 


57,564 


19.13 
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METHODS AND COMPUTED RESULTS 



BOILER PERFORMANCE (Continued) 

TESTS SERIES B 

T«bl« 24 



-£- 


HOBSB- 


1 


B» 


BHWl-J 


«3 


B-808-J 


&53 


B-209-J 


1,158 


Bh«»-J 


1.3SS 


B-a)6-J 


1.398 


B-a06-R 


433 


B-W7-R 


&44 


B-eOB-R 


1,294 


B-aoo-R 


l.iSS 


B-301-J 


1,467 


B-3(K-R 


l,iS,7 


B-401-J 


iS5 


B^oa-J 


884 


B~W3^ 


1,826 


B-4(M-J 


MOO 


B-405-R 


44B 


B-406-R 


868 


B-iOT-R 


1.298 


B-30W 


1.669 



Eqcivalent Evaporation 



7.70 
7.42 
7.91 
11.06 
10,07 
8.17 



11.70 
10.24 
8.84 

8.78 



12.82 
10,71 
9.29 



13.01 
11.66 
10.08 
10.38 



T. U. 

BOIUIH 



POUND 


or MOIB- 


TUHE AND 


oF°«oia- 


"™-° 


s. 


pounds 


P?^ 


ea 


64 


BB 


67 


10.61 


11.01 


12.90 


10,687 


8.36 


9.61 


11.56 


9,327 


8.65 


8.95 


10 29 


8,684 


7.55 


7.77 


9.34 


7.535 


7.43 


7.61 


8.87 


7,388 



11.860 
10,586 
9.528 
8,405 
8,112 
11.740 
»,874 
8,476 



Efficibkct 

I (boilgb 



10.357 


11,205 


8.234 


fi,866 


8,532 


9,028 


11.350 


11,976 


9,936 


10.625 


8,574 


9,004 


8,524 


8,741 



„.» 


79.76 


63.87 


71.51 


58.29 


63.96 


52,23 


68.26 


60.41 


65.36 


76.62 


79.37 


62.26 


66.41 


54.64 


57.67 


62.25 


54.39 


66.64 


57.96 


59.23 


60.26 


74.82 


78.86 


69.79 


76.60 


56.76 


61.12 


57.00 


61.27 


76.50 


80.72 


67.42 


72.10 


58.87 


62.43 


05.34 


67.01 
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TESTS OF A JACOBS-SHUPERT BOILER 



SMOKE BOX GASES AND AIR SUPPLY 

TESTS SERIES B 
T«bU 25 





Qas Analtsu 

rtS CBHT. BY yoLumi 




Dar Qa8 


AIB 


□FAIR 


™ 


oo. 


O, CO 


« 


QABBOH 

poirnda 


FBXa COAL 

pounds 




ponnda 


TOTBEO- 


1 


71 


78 


i '• 


74 


76 


78 


77 


78 


79 


B-801-J 


U.O 


8.1 


1 0.1 


80.8 


22.6 


19.4 


22.1 


19.0 


1,6 


B-aoe-j 


0.8 


e.2 


0.0 


81.0 


25,5 


21.6 


25.1 


21.3 


1.7 


B-eo9-j 






1 














B-20*-J 


7.0 


12.8 


1 0.0 


80.2 


S5.3 


2S.e 


34.7 


29.1 


2.5 


B-iOS-J 


6.4 


1«.6 


! 0.0 


81.0 


38.fi 


32.7 


38.4 


38.7 


2.4 


BHW6-B 


10.8 


7.8 


1 0.1 


81.3 


2S.0 


19.6 


22.6 


10.8 


1.6 


B-807-R 


8.8 


10.6 


1 0.0 


80.6 


28. S 


24. S 


27.8 


23.0 


2.0 


B-a08-R 





















B-209-R 






i 














B-301-J 




















B-S02-R 


9.4 


9.8 


! 0.3 


80.fi 


24.7 


19.2 


25.2 


18.8 


1.8 


B-«l^ 


9.6 


9.7 


: 0.1 


80,6 


25.7 


22. S 


25.2 


21.8 


1.8 


B-408-J 




















B-403J 


7.S 


11.1 


0.1 


81.5 


33.3 


27.9 


33.4 


27.9 


2.1 


B-404^ 


8.1 


10.8 


0.0 


81.6 


30.6 


26.0 


30.6 


26.0 


1.9 


B-M5-R 


10,4 


8.8 


0.0 


80.8 


24.1 


20.7 


as. 6 


20.2 


1.7 


B-406-R 




















B-407-B 


5.9 


14.7 


0.0 


70.7 


48.9 


37.0 


48.1 


36.4 


3.S 


B-50W 


10. a 


7.8 


1 »■' 


81.9 


24.2 


17.9 


24.1 


17.8 


1.6 
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METHODS AND COMPUTED RESULTS 



CHEMICAL ANALYSIS-COAL 

TESTS SERIES B 

Table 26 





Pboxiuatm 

COAL A 


."SSS" 




Ultiuatb 


/.:!-& 




OF 


imai 
percent 


vou- 

TILK 
UA-mR 

peraent 


peroent 


percent. 


HTDBO- 
OKN 

perceol 




percent 


BDI- 

p«rc«at 


ABB 

percent. 


1 


SO 


81 


88 


88 


84 


SB S6 


87 


SS 


SB 


B-«01^ 


3, TO 


16.09 


75.1* 


5.08 


4.34 


86.89 1 


83 


8.80 


0.86 


5.88 


B-a02-J 


2.5B 


16.46 


74. Oi 


6,03 




88 


84.86 I 


88 


8.87 


1.09 


S.19 


B-203^ 


3.39 


16,54 


75.60 


4.47 




36 


86.34 1 


34 


2. St 


1.03 


4,62 


B-aow 


4.75 


17,10 


73,08 


7,07 




84 


83.91 1 


30 


2.26 


1.03 


7,27 


B-a05^ 


9.43 


10.70 


76.13 


5.65 




SO 


85.10 1 


8! 


8.28 


1.14 


5.80 




«.!« 


16.45 


75.00 


5.50 




31 


86.88 1 


88 


8.88 


1.09 


5,82 


B-e07-R 


3.30 


17,56 


74.90 


4.84 




84 


86.08 1 


34 


2.30 


0.96 


6.01 


B-i08-R 


8.01 


16.76 


76.88 


5.00 




SO 


85,81 1 


8! 


8.28 


0.87 


6,02 


B-209-R 


1.4S 


17,17 


74.67 


6,68 




86 


84.41 1 


31 


2.26 


0.08 


6.78 


B-301-J 


2.80 


32,10 


58,07 


12,18 




64 


74,42 1 1 


47 


0.17 


0.88 


12.48 


B-302-R 


2.4T 


33.75 


52,14 


11,84 




66 


74,70 1 


47 


6.80 


0.76 


12,12 


B-*OW 


3,61 


16.55 


75.44 


4.40 




37 


80.67 1 


34 


8.38 


0.88 


4.67 


B-M2^ 


5.70 


16.50 


73.0! 


4,78 




8* 


86.18 1 


34 


8.31 


0.81 


5.07 


B-»3-J 


8.70 


16.41 


73.05 


6,84 




88 


83.66 1 


30 


2.24 


1.48 


7.10 


B-m-J 


i.40 


17.38 


74.00 


5.56 




29 


64,00 1 


32 


8,27 


1.43 


5,70 


B-105-R 


3,37 


18.10 


73.00 


4.03 




34 


85.89 1 


83 


8.30 


1.04 


5.10 


B-M6-R 


S.76 


16.51 


78.88 


5.84 




89 


84,90 1 


88 


2.27 


1.16 


8.07 


B^07-R 


l.M 


17.18 


73.98 


6.85 




86 


84,37 1 


31 


2.26 


0.81 


0.00 


B-SOW 


8.38 


34.34 


49,54 


14.74 




60 


73.84 1 


45 


6.13 


0.80 


13.18 
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TESTS OF A JACOBS-SHUPERT BOILER 



CHEMICAL ANALYSIS-STACK CINDERS-ASH 

TESTS SERIES B 
T*bl« 27 



B-201-J 
B-S(M-J 
BHiOS-J 
B-SOl-J 
BHWMhJ 
B-iO«-R 
B-aOT-R 



B-a09-R 
B-301-J 
B-90a-R 
B-Mll-J 

B^oa-j 

B-403-J 
B-404-J 
B-40S-R 
B-408-R 
B-MTT-R 
B-501-J 






c™o*N 


percent. 


percsnc. 


96 


98 


fi.4a 


72.95 


8.67 


65.88 


S.61 


61.00 


7.11 


5fl.60 


8.88 


47. M 


e,29 


59.39 


5.9S 


69.81 


*.57 


48.60 


B.8T 


59.48 


3.37 


e».B5 


4.16 


87.97 


B.SS 


56. 81 


7.3S 


59.41 


6.46 


67,88 


4.«1 


59.37 


8.W 


66.88 


7.81 


63.95 


6.53 


47.30 


3.24 


«.e. 



80,81 
86,38 
30,84 
98.63 
39.75 
31.55 
83.38 
46.66 
93.97 
6S.95 
66.88 
S3. 93 
30.80 
25.51 
36.06 
85.64 
88,69 
46.18 
70.71 
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METHODS AND COMPUTED RESULTS 



CALORinC VALUES 

TESTS SERIES B 

Table 28 











Oalohif c Value 










zsz. 







'""per 


PER 


CAI^RIPiO 


DBSIONA- 


PER 


''JkS" 


TBiT 


iSs. 
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XIV. A Summary 



142. A Brief Story of the Development of the Locomotive Boiler (Chap- 
ter III) emphasizes two facts, (1) that the design of such boilers has from 
the beginning been subject to frequent change, and (2) that the difficul- 
ties in the construction and maintenance of such boilers have always cen- 
tered in the firebox. 

143. The Radial-Stay Boiler (Chapter IV) is recognized as the most im- 
portant detail of the modern high-power locomotive. Many embelUshments 
in its construction have from time to time been introduced, and present- 
day designs represent a highly developed practice. But forces are always 
present within the structure of the radial-stay boiler which make its main- 
tenance difficult and which ultimately bring about its ruin. Like all its 
predecessors, the radial-stay boiler is weak under low-water conditions 
and failures, sometimes disastrous, are not uncommon. No one who con- 
siders the progress of the past can assume for a moment that our present- 
day practice is final. The radial-stay boiler has had its predecessors and 
they have disappeared, and no one can doubt that the radial-stay boiler 
itself is but an embryo predecessor of a type which must soon be revealed. 

144. The Jacobs-Skupert Boiler (Chapter V) seeks to overcome some 
of the defects of the radial-stay type. Its firebox construction is more 
than a modification of preexisting forms; it is new in its contour, in the 
means employed for its support, and in the fact that it is made up of a 
considerable number of comparatively small plates. The contour of the 
Jacobs-Shupert firebox is not dissimilar to that of the corrugated furnaces 
so long and so generally used in marine service. It Las no radial stays and 
there are no stay-bolts except in the tube-sheet and door-sheet. There 
are no rivets or stay-heads on the fire side of the crown-sheet or side-sheets. 
The rivets joining the several sections making up the firebox structure are 
not inside of the firebox. They can not be seen from the firebox and they 
can not be affected by the direct action of the heat from the firebox. They 
are above the crown in the water space of the boiler at a distance sufficiently 
far from the heating-surface of the firebox to be undisturbed by any condi- 
tion that may arise within the firebox. These features place the design 
of the Jacobs-Shupert boiler upon a plane which, from a purely mechan- 
ical point of view, is essentially higher than that which is occupied by the 
normal radial-stay boiler. The fact also that in the manufacture of these 
boilers, the principle of interchangeability is employed, establishes a high 
standard of workmanship. Interchangeability in construction operates to 
improve quality and to reduce costs. In the manufacture of the Jacobs- 
Shupert firebox, machinery is used instead of men. Each operation is 
simple and yet the result is precise. There is no drifting of holes and no 
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local heating of plates which have been set in place in the boiler. The 
result of the new process is a boiler accurately made, substantially put 
together, and comparatively free from initial strains. The design and the 
methods of manufacture combined permit repair parts to be carried, and 
provide an inexpensive procedure in maintenance. 

145. The Jacobs-Shupert Boiler in Service (Chapter VI) was made the 
subject of an inspection at several division points, and on the road along 
the line of the Santa Fe, where at the time of the inspection (November, 
1911) a hundred and sixty-nine locomotives were in service. As a result 
of five days' inspection, conclusions were reached as follows: 

1. The construction of the Jacobs-Shupert firebox admits of easy and 
thorough inspection. 

2. The Jacobs-Shupert firebox gives no trouble by leaking at the mud- 
ring. Not a single case of a leaky mud-ring could be found. 

3. The fireboxes give no trouble by leaking between sections. 

4. No indication could be found of grooving or cracking at the fillet 
or in any other part of the sections making up the firebox. 

5. The fireboxes examined, while very large, appear to resist perfectly 
the pressure imposed, which in all cases was above 200 pounds. 

6. The firebox structure of a Jacobs-Shupert boiler after a year of 
service in a district of alkali water, appeared as though new, while that of 
a radial-stay boiler in the same service for the same or a lesser length of 
time presented unmistakable evidences of degeneration. 

7. Evidence was not lacking to prove that minor defects, such as those 
which may arise in a Jacobs-Shupert boiler from accumulation of scale or 
because of low water, are easily repaired. 

Some months after this inspection, it was reported that defects had appeared 
in the outside wrapper-sheets of some of the older boilers. The cause was 
easily seen to be in a defective arrangement of some of the longitudinal 
stays, and the remedy was simple. The occasion for the occurrence of such 
defects is avoided in more recent designs. 

146. A Program of Tests (Chapter VII) designed to disclose the per- 
formance of the Jacobs-Shupert boiler in comparison with that of a radial- 
stay boiler was outlined as follows: 

The boilers to be tested were to be designed for locomotive service 
and to be identical in their general dimensions. They were to differ from 
each other only in the construction of the firebox and in the means employed 
for supporting it. One boiler was to be equipped with a Jacobs-Shupert 
firebox and the other with a radial-stay firebox conforming to the best 
present-day practice. 

A laboratory was to be provided in which the two boilers could be 
erected and equipped with all apparatus necessary for testing. The tests 
specified were to be grouped into three series designated as Series A, B, and 
C, respectively. 

Series A was planned to disclose the relative amount of heat absorbed 
by the fireboxes and by the tubes of the two boilers under similar condi- 
tions of operation. To facilitate these tests, it was proposed to have the 
boilers constructed with a partition separating the water space into two 
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compartments, one of which was to include the firebox surface and the other 
the tube surface. In carrying out the tests, these compartments were to 
be separately fed with weighed water. Not less than three tests, one at 
low power, one at medium power, and one at high power, were to be made 
upon each boiler. It was believed that the results would serve to establish 
the relative value of a unit area of firebox heating-surface as compared 
with that of a unit area of tube-heating-surface — facts which American 
engineers have long desired to know — and that they would disclose the 
difference, if any, in the heat -absorbing capacity of the two fireboxes tested. 

Series B was to be made up of tests of normal boilers. The boilers 
which had served in the tests of Series A were to undergo such reconstruc- 
tion as might be found necessary to the removal of the partitions. This 
accomplished, there would be available for the further work a normal 
Jacobs-Shupert boiler and a normal radial-stay boiler. Each boiler was 
then to be subjected to a series of evaporative tests for the purpose of estab- 
lishing its evaporative efficiency and capacity under different rates of 
power. In addition to data usually secured in boiler testing, it was pro- 
posed to make of record such information as might be possible concerning 
the circulation of water within the two boilers. The purpose of this series 
was to secure an accurate measure of the evafwrative performance of the 
Jacobs-Shupert boiler and of a normal radial-stay boiler. 

Series C was planned to disclose the relative strength of the two boilers 
under low-water conditions. In preparation for the tests of this series the 
boilers were to be removed from the testing laboratory and set up with 
everything necessary to their operation in a location where their explosion 
would result in no harm to surrounding property. Adequate provisions 
were to be made for the safety of observers. The boilers were to be oper- 
ated, the supply of feed-water was to be cut off or so controlled that the 
firebox would be uncovered, and the low-water conditions were to be con- 
tinued until failure occurred. 

147. The General Dimensions of the Boilers Tested (Chapter ^^I) were 
as follows: 

Jacobs-Shupert Radial-stay 

Type of boiler Ext'd wagon top Ext'd wagon top 

Diameter of shell 70" 70" 

Number of 2^" tubes 290 290 

Length of tubes 18'2" 18'2" 

Length of firebox 9'1%" 9'1»W«" 

Width of firebox 6'4%" 6'4K" 

Total heating surface 3008.4 2989.3 

148. The Percentage of the Total Heat Absorbed by the Boiler, which is 
taken up by the Firebox (Chapter VIII) varies with the rate of power at which 
the boiler is worked. It is affected also by the character of the fuel used. 

When oil fuel was fired at the rate of 2,200 pounds an hour: 

(a) The Jacobs-Shupert boiler evaporated 40,000 pounds of water per 
hour. Of this amount, 16,000 pounds were evaporated by the firebox and 
24,000 pounds by the tubes. 

(6) The whole boiler developed 1,200 horse-power, of which amount 
nearly 500 horse-power was developed by the firebox. 
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(c) The average rate of evaporation per foot of heating-surface per 
hour for the whole boiler was 9.78 pounds. 

(d) The average rate of evaporation per foot of heating-surface per 
hour for the firebox was 49.59 pounds, and for the tubes 6.47 pounds. 

(c) The ratio of heat absorbed per foot of heating-surface by the fire- 
box to that absorbed per foot of tube heating-surface was as 7.6 to 1. 

When oil is used as fuel, the percentage of the total heat absorbed that 
is taken up by the firebox can be found by dividing the pounds of oil fired 
per hour by 100 and subtracting the quotient from 62. Strictly speaking, 
the application of this statement should be limited to those rates of firing 
which were covered by the experiments; that is, to rates between the limits 
of 700 pounds and 2,200 pounds of oil per hour. 

When a long-flamed bituminous (Dundon) coal was fired at the rate 
of 4,340 pounds per hour: 

(a) The Jacobs-Shupert boiler evaporated 35,405 pounds of water per 
hour, of which amount 11,982 pounds were evaporated by the firebox arid 
23,423 pounds by the tubes. 

(6) The whole boiler developed 1,026 horse-power, of which amount 
304 horse-power were developed by the firebox. 

(c) The average rate of evaporation per foot of heating-surface per 
hour for the whole boiler was 11.77 pounds. 

(d) The average rate of evaporation per foot of firebox heating-surfa(% 
was 51.92, and for the tube heating-surface 8.43. 

(e) The ratio of heat absorbed per foot of firebox heating surface to 
that absorbed per foot of tube heating-surface was as 6.15 to 1. 

When long-flamed bituminous coal is used as fuel, the percentage of the 
total heat absorbed that is taken up by the firebox can be found by divid- 
ing the pounds of coal fired per hour by 190 and subtracting the quotient 
from 56. Strictly speaking, the application of this statement should be 
limited to those rates of firing which were embraced by the experiments; 
that is, to rates ranging from 1,400 pounds to 4,500 pounds of coal per hour. 
Different fuels produce different results in the distribution of heat. 
For example, assuming the Jacobs-Shupert boiler to be evaporating 20,000 
pounds of water per hour, the percentage of the whole quantity of heat 
absorbed, which is taken up by the firebox, is as follows: 

(a) When oil is used as fuel 42% 

(b) When long-flame bituminous coal is used as fuel . . 42% 

(c) When short-flame bituminous coal is used as fuel . . 35% 

149. Results of Evaporative Tests of a Normal Jacobs-Shupert Boiler and 
a Normal Radial-Stay Boiler (Chapter IX) disclose the evaporative effi- 
ciency and the capacity of the two boilers tested. 

The high efficiency of the Jacobs-Shupert boiler, unaided by the pres- 
ence of a brick arch is to be seen in the fact that when fired with 1,315 
pounds of Dundon coal per hour it: 

(a) Evaporated 15,293 pounds of water per hour. 
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(6) Evaporated 5.08 pounds of water per square foot of heating-sur- 
face per hour. 

(c) Evaporated 11.01 pounds of water per pound of coal. 

(d) Developed 443 horse-power. 

(e) Developed an overall eflBciency of 71.86 per cent. 

(f) Developed an efficiency, excluding the grate, of 79.75 per cent. 

The various eflfects resulting from operation at higher rates of power 
may be set forth as follows : 

Pounds of coal fired per hour 1,389 3,419 5,930 6,314 
Thermal units for each pound 
of coal: 

(a) Absorbed by water in 

boiler 10,687 9,327 7,532 7,388 

(b) Lost by moisture in coal 48 34 37 33 

(c) Lost by moisture in air 49 53 114 54 
(rf) Lost by hydrogen in 

coal 486 497 500 514 

(e) Lost by smoke-box gases 1,979 2,731 3,992 4,675 
(/) ]jOst by incomplete 

combustion 78 

{g) Lost by cinders passing 

up stack 153 851 1,078 1,012 

(k) Lost by combustion in 

ash 1,187 679 291 185 

(i) Lost by radiation and 

unaccounted for 205 547 881 783 

Total B. T. U. per . 

pound of coal. . . 14,872 14,719 14,425 14.654 

The evaporative efficiencies of the Jacobs-Shupert boiler and of the 
radial-stay boiler were found to be practically identical. 

In the matter of capacity the data show the Jacobs-Shupert boiler to 
possess some advantages over the radial-stay boiler. The Jacobs-Shupert 
boiler was forced without the least sign of distress to an unprecedented 
rate of power. It was fired at the rate of 6,553 pounds of coal per hour 
resulting in: 

A rate of combustion equaling 119.38 pounds of coal per foot of grate 
per hour. 

An evaporation of 57,564 pounds of water per hour, or the equivalent 
of 19.13 pounds of water per foot of heating-surface per hour. 

The development of 1,669 boiler horse-power, or the equivalent of one 
boiler horse-power f<M- each 1.8 foot of heating-surface. 

An evaporation per pound of coal, notwithstanding the high rate of 
power developed, of 8.78 pounds of water. 

The maintenance of an overall boiler efficiency of 65.34 per cent, and 
of the boiler, exclusive of the grate, of 67 per cent. 

The published records of boiler performance disclose no results of equal 
significance. 
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150. The Brick Arch as a Factor in Boiler Performance (Chapter X) is 
always bene6cjal. Its effect depends upon the characteristics of the fuel. 
When a short-flamed bituminous (Scalp-Level) coal was used, the addition 
of an arch to either boiler tested, increased the amount of water evapo- 
rated per pound of coal 0.6 of a pound; that is, assuming either boiler to 
be fired with 6,500 pounds of Scalp-Level coal per hour, they will evaporate 
7.35 pounds of water per pound of coal without the arch, and 7.95 pounds 
with the arch, a gain resulting from the introduction of the arch of 8 per 
cent. The substitution of a long-fiamed bituminous (Dundon) coal will, 
under similar conditions, result in the evaporation of 7.7 pounds of water 
per pound of coal without the arch, and 8.7 pounds with the arch, a gain 
resulting from the introduction of the arch of 12 per cent. 

151. Some Facts of Interest with Reference to the Circulation of Water 
vnthin a Locomotive Boiler (Chapter XII) have been developed. The 
motion of the water within a locomotive boiler in response to the energy 
transmitted to it in the form of heat is known to have an important bear- 
ing on the upkeep and life of the boiler, and there has been much specu- 
lation concerning the direction and strength of the circulating currents. 
It has been urged, for example, that the presence of the slay-sheets which 
enter into the construction of the Jacobs-Shupert boiler retard the fore- 
and-aft movement of water and that they are, therefore, objectionable. 
As the stay-sheets are provided with widely distributed openings of large 
area, such criticisms necessarily assume fore-and-aft currents which are 
tremendously vigorous. The presence of such vigorous currents has been 
questioned. An experimental inquiry conducted by Mr. George Fowler 
sustains the very rational contention that only enough water passes back 
from the barrel of the boiler to the water-legs of the firebox to make good 
that which the firebox evaporates. Since the firebox evaporates from 30 
to 50 per cent of the water handled by the boiler, a similar percentage of 
the total feed must, in the case of the Jacobs-Shupert boiler, find its way 
through the ports in the forward stay-sheet. Some of this water is evapo- 
rated before the second stay-sheet is reached. With the passage of each 
section, the backward flow diminishes until at the last stay-sheet only 
enough passes to supply that which the last section evaporates. 

As the stay-sheets have an aggregate port-area below the water-line 
of 13^ square feet and as only 30 to 50 per cent, of the total water delivered 
by the injectors must pass by them, it is inconceivable that their presence 
can affect the circulation unfavorably. 

The strongest currents which are set up in a locomotive boiler are 
those which sweep over the heating-surface in a direction which in its 
general tendency is vertical. These are the most important of the circu- 
lating currents, and with respect to them, the Jacobs-Shupert boiler pre- 
sents superior advantages, for the water space about a Jacobs-Shupert 
firebox presents broad, unobstructed vertical channels which in the matter 
of form and dimensions have no counterpart in the radial-stay boiler. 
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The conclusion as drawn from analysis and experiment, is to the effect 
that with reference to circulation the Jacobs-Shupert boiler is at no dis- 
advantage as compared with the radial-stay type, but on the contrary 
possesses elements of distinct superiority to that type. 

152. The Superior Strength of the Jacobs-Shupert Boiler under Lom- 
Waier Conditions (Chapter XI) has been abundantly demonstrated by 
experiment. In the progress of the tests each boiler in turn was put under 
steam. Its draft was adjusted to give an evaporation of approximately 
10 pounds of water per foot of heating-surface per hour. Upon signal, the 
injectors were shut off and the delivery of feed-water ceased. Thereafter 
the water-level steadily declined, but the fire was not checked. The pur- 
pose was to maintain all the general conditions the same for both boilers, 
and the data show that this purpose was satisfactorily achieved. 

In the test of the Jacobs-Shupert boiler, the water-level receded to 
the bottom of a special water-glass 25 3^ inches below the level of the crown- 
sheet in 34 minutes after it had passed the level of the crown-sheet, but 
there was no failure or serious leak. The extent of the submerged heating- 
surface continued steadily to diminish and the steam-jet from the exhaust 
ip which made heavy demands upon the boiler began to reduce the steam 
pressure, until finally when the water had fallen nearly 40 inches below 
the crown-sheet and the pressure had been reduced to 50 pounds, 53 minutes 
after the water had fallen to the level of the crown-sheet, th e test was 
ended. The Jacobs-Shupert boiler had been boiled nearly dry and no 
failure had occurred. An inspection of the boiler after the test showed 
all the usual effects of overheating except that the firebox was intact. 
Three-quarters of the tubes were out of water and were sagged from the 
effects of the heat. Several tubes had collapsed. The crown and sides 
of the firebox for half their height presented the scale and color of newly 
heated metal. There was some change in the curvature of sections, but 
there were no local pocketing and no leaks between sections. The integrity 
of the firebox was complete, and so far as its condition was concerned, the 
boiler at the conclusion of the test might have been refilled and operated. 
Probably no other type of locomotive boiler now in common use could have 
withstood such a test. 

The radial-stay boiler was subjected to a similar test. The condi- 
tions of operation imposed were identical with those which had prevailed 
during the test of the Jacobs-Shupert boiler. Seventeen and three-quarters 
minutes after the water in glass had fallen to the level of the crown-sheet, 
when its level was 14J-^ inches below the crown, the boiler failed. One- 
half the crown-sheet came down. The rear end of the boiler was lifted 
from its foundation and the brickwork making up the furnace construc- 
tion was scattered in all directions over a radius of 150 feet. An exam- 
ination of the boiler showed only the upper row of tubes to have been out 
of water, and these had not been heated sufficiently to make them sag. 
The lowering of the water-level had not been sufficient to allow the side- 
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sheets or the back sheet or the tube-sheet to take on evidences of over- 
heating, facts which suggest the brevity of the interval during which the 
crown was actually exposed, and yet in the interval, the crown of a new 
boiler came down with explosive effect. The failure was complete; the 
boiler had broken away from all its fastenings, property in its vicinity was 
disturbed, and the boiler itself left incapable of rendering further immediate 
service. 

A comparison of these statements shows conclusively the superior 
strength and safety under low-water conditions of the Jacobs-Shupert 
boiler. 

153. The General Conclusions justified by the work are to the eflfect 
that the design of the Jacobs-Shujjert boiler is the result of a carefully 
studied development of preexisting practice; that the design easily admits 
of a grade of workmanship difficult to attain in the construction of pre- 
existing types of locomotive boilers; that those features which are peculiar 
to the new construction are such as tend to reduce cost in maintenance; 
that the evaporative efficiency of the Jacobs-Shupert boiler is the same as 
that of a radial-stay boiler of the same dimensions; that the steaming 
capacity of the Jacobs-Shupert boiler is, in general, the same as that of a 
radial-stay boiler, but that it may be forced without danger of injury to 
higher power; that the Jacobs-Shupert boiler presents nothing in its internal 
construction which can interfere with the usual movement of water over 
the heating-surfaces, and that in the matter of circulation it possesses 
some advantage when compared with other types of locomotive boilers; 
that the superior strength of the Jacobs-Shupert boiler under low-water 
conditions permits it to endure overheating without failure for long periods 
of time, where the normal radial-stay boiler quickly fails; and that where 
the overheating is so severe that it can not be resisted, the result will be 
a blow-out and not a disastrous explosion. 
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